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DEPARTMENT OF THE ARMY
WASHINGTON, D.C. 20310

The Army Science and Technology Master Plan describes the technology
investments we plan to enable America’s Army for the 21st century, particularly
our emerging long-term vision, the Army After Next. It is imperative in today’s
uncenrtain world that the Army maintains full spectrum dominance on the
battlefield and prepares against future uncertainties throughout the entire
spectrum of crisis.

Modernization of our Primary Mission Area Capability Enablers (P-MACE)
is one of the keys to dominance on the battlefield and readiness for the
challenges of the 21st century. The Army Science and Technology Master Plan
details the technology we need to maintain an effective modernization program.
Our modernization strategy will extend the life, improve the performance, and
add new capabilities to the P-MACE systems while we develop completely new,
technologically superior weapons for our 21st century Army.

Today, we are developing technology for tomorrow’s Army -- a force
capable of decisive victory against potential adversaries with unlimited access to
an increasingly sophisticated global arms market. We are building a force to
deter aggression and to conduct prompt and sustained operations on land to
fulfill our mission requirements. To succeed, we must strengthen the capabilities
of our world-class laboratories, strengthen our ties with industry, and keep a tight
rein on development costs by reducing acquisition cycles.

We endorse the Army Science and Technology Master Plan. This plan
provides the tools to maintain our decisive advantage and ensures that today’s
soldiers are well-equipped. Our brave men and women skilifully operate the
most technologically advanced weaponry in the world. Tomorrow’s soldiers
deserve no less.

Z /\7 70 4. Fey
Dennis J.”Reimer Togo D. West, Jr.

General, United States Army Secretary of the Army
Chief of Staff




DEPARTMENT OF THE ARMY
OFFICE OF THE ASSISTANT SECRETARY
RESEARCH DEVELOPMENT AND ACQUISITION
103 ARMY PENTAGON
WASHINGTON DC 20310-0103

21 MAR 1997

REPLY TO
ATTENTION OF

This annual edition of the Army Science and Technology Master Plan serves as
“top down” guidance from Headquarters, Department of the Army, to all Army Science
and Technology organizations, and provides a vital link between the technology planning
by the Department of Defense and the master plans of individual Army major commands,
major subordinate commands, and laboratories.

The Army Science and Technology Master Plan is a living, working document. It
is our plan to enable America’s Army to have full spectrum dominance on the 21st
century battlefield. Our past investments in Army Science and Technology have paid
huge dividends and led to advancements in both the military and commercial sectors. We
now take for granted many of the so-called “breakthroughs.” Currently, the Army
Science and Technology community is focusing on Force XXI, particularly information
dominance, as well as our far-term vision, the Army After Next.

We are committed to the timely demonstration of affordable weapon system
concepts to meet the warfighters’ needs in any current or projected threat environment.
We have a world-class network of government and private Science and Technology
capabilities to maintain land warfare technology superiority and to exploit rapid advances
in information technology. And, we encourage reduced cost and early retirement of risk
to support our acquisition reform initiatives. Most importantly, we are dedicated to
America’s soldiers and to ensuring that they have what they need when they need it.

We are working hard today to maintain the most capable and modern Army in the world
tomorrow and well into the next millennium.

We remain fully committed in sharing our strategies with the Science and
Technology community at large. To that end, we are releasing this year’s Army Science
and Technology Master Plan on CD ROM.

. T Wl
A. Fenner Milton Gilbert F. Decker
Deputy Assistant Secretary Assistant Secretary of the Army

for Research and Technology (Research, Development and Acquisition)




Preface

The DoD Science and Technology program is
divided into three areas, each designed to bring
technology to various stages of maturity. The
Basic Research (6.1) program exploits and iden-
tifies technological opportunities and provides
an important interface with university and in-
dustry research. The Applied Research (6.2)
program matures technology opportunities and
evaluates technical feasibility for increased war-
fighting capability. The non system-specific
Advanced Technology Development (6.3) pro-
gram demonstrates technologies to speed the
transition of matured technology into the
system-specific Demonstration/Validation (6.4)
program or directly into Engineering and Manu-
facturing Development (EMD) (6.5).

The Army Science and Technology Master Plan
(ASTMP) is the Army’s strategic plan for the
science and technology program; it consists of
two volumes.

Volume I has these seven chapters:
I. Strategy and Overview

II. Science and Technology Integra-
tion With Army XXI Requirements
Determination

ITII. Technology Transition
IV. Technology Development
V. Basic Research
VI. Infrastructure
VII. Technology Transfer

vil

Volume II contains annexes that, when com-
bined with the Budget, Program Objective
Memorandum (POM), and the Department of
the Army Research, Developmentand Acquisi-
tion Plan, constitute the action plan for achiev-
ing the Volume I program.

Volume II contains the following annexes:

* Annex A—Science and Technology Objec-
tives (STOs)

e Annex B—Advanced Technology Demon-
strations (ATDs)

e Annex C—Interaction with Training and
Doctrine Command (TRADOC)

e Annex D—Space, Strategic, and Theater Mis-
sile Defense Technologies

® Annex E—International Armaments Strat-
egy and Near-Term Foreign Opportunities

® Annex F—U.S. Special Operations Com-
mand Technology Overview

The ASTMP is revised annually. Reader com-
ments and suggested improvements are wel-
come. Please forward comments to:

Office of the Assistant Secretary of the
Army (RDA)

ATTN: SARD-TS (Ms. Vannucci)
Room 3E479, Pentagon

Washington, DC 20310-0103

Data Fax No. (703) 695-3257
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CHAPTER |

STRATEGY AND OVERVIEW

Today’s soldiers benefit from past commitments to a robust S&T program. Tomorrow’s soldiers deserve

no less.

“We are not the only nation with competence in defense science and technology. To sustain the lead which
brought usvictory during Desert Storm...recognizing that over time other nations will develop comparable
capabilities, we must...invest in the next generation of defense technologies.”

William J. Perry, Secretary of Defense

Introduction

The Army Science and Technology Master Plan
provides Department of the Army Guidance to
all Army science and technology organizations.
The Army Science and Technology Master Plan
also provides the link between Department of
Defense technology planning and the plans of
Army major commands, major subordinate
commands, and laboratories. This strategic
plan for the Army’s science and technology
program is based on the Army leadership’s
vision of the future Army and available re-
sources. This plan is revised and approved
annually by the Secretary of the Army and the
Chief of Staff, Army.

Figure I-1. Army Vision

The Army Vision

"The world's best Army will be an Army that is
Trained and Ready for Victory.
A Total Force of quality soldiers and civilians.

- Avalues-based organization

An integral part of the Joint Team

Equipped with the most modern weapons
and equipment the country can provide

Able to respond to our Nation's needs

Changing to meet challenges of today...
tomorrow...and the 21st Century.”

Dennis J. Reimer
General, United States Army
Chief of Staff
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B.

Army Vision

The Army Visionis the conceptual template that
provides a common direction to the Army to
develop its unique land warfare capabilities
within a joint framework of doctrine and pro-
grams (see Figure I-1). Army Vision 2010 is the
land component’s response to meeting the op-
erational conceptsidentified in Joint Vision 2010.
Army Vision 2010 identifies the operational
imperatives and enabling technologies needed
for the Army to fulfill its role in achieving full
spectrum dominance (see Figure I-2). Army
Vision 2010 also provides the connectivity be-
tween Force XX1I, the Army’s current modern-
ization thrust, and the Army After Next, the
Army’s emerging long term vision. The Army
After Next is a process to frame issues vital to
the development of the U.S. Army beyond 2010
toaround the year2025. This processis charged
with providing the Army’s senior leadership
with the long-term view of the Army’s future,

Figure I-2. Army/Joint Vision 2010
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including ensuring that the Army’s long-term
research and development programs connect to
this vision (see Figure I-3).

o S&T that reduces cost through

— Early retirement of risk in materiel devel-
opment programs

— Support for acquisition reform

* World class network of Army-focused gov-
ernment and private S&T

— maintain land warfare superiority
- Leverage commercial information

— Maintain smart buyer capability

C.
Army Science and
Technology
Strategy technology
1.

Vision
Supporting these current and future Army vi-

sions, the Army Science and Technology in-
vestment ensures:

* Timely demonstrations of affordable tech-
nology/weapon system concepts that enable

— Decisive overmatch with minimum
casualties

— Force projection with full spectrum
capability

— Requirements definition/prioritization
through experimentation

Figure I-4 illustrates how the Science and
Technology Investment Strategy supports
Army Modernization Objectives into the next
century.

Objectives

To support this vision, the Army has several
strategic investment objectives (Figure I-5):

¢ Comply with and support the defense S&T
strategy and the Army Vision, Army Vision
2010, and emerging concepts from the Army
After Next.

Figure I-3. Army S&T Vision & Strategy
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_200 TRADOQC Prioritized S&T Objectives

DoD Reliance Process Ensures Integrated Program




Figure I-4. S&T Strategic Investment Strategy
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* Strategic Mobility
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* Force Sustainment
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DTO STO DTO S8TO STO
ACTII ACT I SRO

Advanced Technology
Development (6.3)

Applied Research (6.2)

Basic Research (6.1)

A Strategy Meeting the Challenges of
Today... Tomorrow...and the 21st Century

Figure I-5. Strategic Investment Objectives
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* Conduct “world-class” relevant research.
e Strengthen therequirements process through:

~ System of systems demos
~ ATDs, ACTDs
~ S&Tsynchronized with TRADOC AWEs

e Support the Advanced Concepts and Tech-
nology II (ACT II) program.

e Provide affordable options with a focus on
system upgrades.

* Improvetechnology transition—couple S&T
to development programs.

e Improve technology transfer and “spin on”
by forming partnerships with academia and
industry.

* Stabilize S&T priorities and funding.
e Improve program execution and oversight.

* Attract, develop, and retain quality scientists
and engineers.

e Downsize the infrastructure.

Planning Process and
Oversight

The Army’s science and technology strategy, as
reflected in this year’s Army Science and Tech-
nology Master Plan (ASTMP), identifies the
science and technology investments needed to
achieve this vision and supporting objectives. It
provides an action plan for mobilizing govern-
ment, industry, and academic resources. The
ASTMP position in the overall DoD strategic
planning hierarchy isshownin FigureI-6. Army
leadership oversight of the Army S&T program
is provided by the Army Science and Technol-
ogy Advisory Group (ASTAG), which is co-
chaired by the Army Acquisition Executive and
the Vice Chief of Staff, Army (see Figure I-7).
The Army Science and Technology Working
Group (ASTWG) is co-chaired by the Army
Science and Technology Executive (the Deputy
Assistant Secretary for Research and Technol-
ogy) and the Assistant Deputy Chief of Staff for
Operations and Plans (Force Development).

Figure I-6. Hierarchy of Plans
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Figure I-7. Army/OSD S&T Oversight

Army OSD
ASTAG P reteXare DDR&E
Co-chair: ASA(RDA)/VCSA
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DCSOPS DAS

DCSINT DCSPER
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DUSA(OR) CG, USACE
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DDR&E
ASTWG DUSD(AT)

Co-chair: DAS(R&T)/ADCSOPS(FD)
AMC TRADOC DSTAG
ODCSINT ODCSPER
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SSDC USACE
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ADO USASOC « ASTMP
OASA(RDA) ODAIM « ATDs
RDEC TDs/ARL/ARO  MRMC «STOs

The ASTWG provides general officer level reso-
lution of pressing S&T issues prior to meetings
of the ASTAG; recommends to the ASTAG
revisions to the Army’s S&T vision, strategy,
principles, and priorities; and reviews and ap-
proves Advanced Technology Demonstrations
(ATDs) and Science and Technology Objec-
tives (STOs) (see paragraph 4, below). The
overall planning process for the Army S&T
program s shown in Figure I-8. The prepara-
tionand approval of the ASTMPis shownin the
upper part of the diagram, and its progress
through the overall Army planningand budget-
ing process is shown in the lower part.

Science and Technology
Objectives (STOs)

To provide guidance to the S&T community,
the Army has established a set of 200 Science
and Technology Objectives (STOs). A Science
and Technology Objective states a specific,
measurable, major technology advancement to
be achieved by a specific fiscal year (see Figure
I-9). It must be consistent with the funding
available in the current year budget and the POM
for the FYDP years. Not every worthwhile,

I-5

funded technology program will be cited as a
STO in part because the Army must reserve
some program flexibility for the laboratory or
center director to seize opportunities within his
or her organization, based upon the organi-
zation’s local talents and resources.

The Army uses the STOs to focus and stabilize
the program, practice management by objec-
tives, and provide feedback to our scientists and
engineers regarding their productivity and cus-
tomer satisfaction. STOsare reviewed annually
at a Joint AMC/TRADOC meeting and then
reviewed and approved by the Army Science
and Technology Working Group (see Figure
I-10). STOs, revised as necessary to maintain
currency and consistency with economic fac-
tors, ensure TRADOC input to the planning
process and provide Army leadership guidance
to S&T performing organizations. All Army
Planning, Programming, Budgeting, and Ex-
ecution System (PPBES) subm1331ons, includ-
ingbudget estimates and execution plans should
comply with the STO guidance. Descriptions
of current STOs are givenin Volume II, Appen-
dix A, of thisdocumentand in the Army Science
and Technology ManagementInformation Sys-
tem (ASTMIS).




Figure I-8. Army S&T Planning Process
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Figure I-9. Anatomy of a STO

| ASTMP Reference|

l.D.12. Advanced Helicopter Pilotage Phase l/ll . Develop and demonstrate
advanced night vision pilotage technology and revolutionary helmet-mounted
display (HMDS) technology for night/adverse weather helicopter pilotage. By
FY95, develop Image Intensified sensor and fast (60 Hz) focal plane array for Intermediate
wide field of view (FOV) FLIR. By FY96, conduct flight demonstration and Milestones
evaluation of sensor technology for wide FOV FLIR and Image Intensifier (12).

By FY98, demonstrate ultra-wide FOV (40° x 80°) night pilotage system -- HMDS

and dual spectrum (IR and 12) sensors in a single turret -- to provide a significant Final Product
reduction in pilot cognitive and physical work load.

w/ Metrics

Supports: Comanche, Enhanced Apache, Special Operations Aircraft,

Rotorcraft Pilot's Associate ATD. Applications

STO Manager: TSO: TRADOC POC:

Phil Perconti Rob Saunders Ted Huntley
CERDEGC/NVESD SARD-TT Aviation Center & School
(703) 704-1369 (703) 697-8433 (205) 255-2571
DSN: 654-1369 227-8433 558-2571

Approved STO Guidance:

F” %",” PE  Project FY9% FY97 FY98 FY99 FY00 FY01 FY02 FY03
unaing | g3710 Ks6 4405 3255 2475 0 0 0 0 0
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Figure I-10. Science & Technology Objective (STO) Process
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3+ Resourcing the Strategy

Figure I-11 shows how the 6.1, 6.2, and 6.3
funding categories relate to the overall acquisi-
tion process. Figure I-12 shows Army S&T
recent and future funding levels.

* 6.1 Research includes all efforts of scientific
study and experimentation with a high po-
tential to significantly improve land
warfighting capabilities. In the basic research
category (6.1), the Army maintains a strong
peer reviewed scientific base through which
technological improvements to warfighting
capability can be assessed and implemented.
In addition to conducting in-house research,
Army scientists monitor developments in
academiaand industry and evaluate the many
proposals received for 6.1 funds. (See Figure
I-13; also Chapter V, “Basic Research,” and
Chapter VII, Section C.1, “Programs with
Academia.”)

6.2 Applied Research includes all effort di-
rected toward the solution of specific mili-
tary problems, short of major development

[-7

projects. The applied research category (6.2)
includes the development of components,
models, and new concepts. It represents a
challenging management problem since indi-
vidual research programs often support a
number of identified needs. The Army ad-
dresses this challenge by linking individual
research programs to the systems they sup-
port or make possible. In turn, the systems
arelinked to the Army’s needs, as reflected in
the various mission area strategies. Since
research programs may readily contribute to
needs in several different mission areas, the
Army performs horizontal integration, or
“cross mission area analyses,” the results of
which offer insights that may warrant reor-
dering the 6.2 funding priorities. Thus, while
the initial priority order is dictated by the
most critical needs in individual mission ar-
eas, the horizontal analysis serves to incorpo-
rate acommon sense overview to the process.

6.3 Advanced Technology Development in-
cludes all efforts directed toward projects
which have moved into the development of
hardware for testing for operational feasibil-
ity. Advanced technology development (6.3)




Figure I-11. Science and Technology Related to the Acquisition Process
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Figure I-13. Army Basic Research
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provides the path for the rapid insertion of
new technologiesinto Army systems, be they
new systems or product improvements. In
the 6.3 category, experimental systems are
demonstrated to prove the feasibility and
military utility of the approach selected. The
Army establishes priorities based on which
technologies will lead to the development of
the most critically needed systems and prod-
uct improvements. Figure I-14 shows the
Army S&T FY97 6.3 budget breakout. The
6.3 category includes Advanced Technology
Demonstrations (ATDs)and Advanced Con-
cept Technology Demonstrations (ACTDs),
many of which form the system of systems
demonstrations.

The Army policy is to maintain stable funding
for Army S&T. This stability principle of our
Investment strategy is consistent with the long-
term nature of basic and applied research. Sta-
bility of focus and funding permits the Army’s
scientists and engineers to conduct meaningful
long-range planning to ensure that the tech-
nologies required to address future warfighting
needs will be available when needed. Figure
I-15 shows the FY97 S&T budget breakout by
program category and developing agency.

6.
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Technology Transfer

Technology Transfer coversallinteractions with
external organizations, whether transferring
technology into or out of the S&T program. It
should be distinguished from Technology Tran-
sition, which deals with the maturing of tech-
nology within the S&T program and
transitioning it to development (6.4 or 6.5 pro-
grams). The Army continuously monitors new
commercial developments looking for military
applications. This “spin-on” of technology is of
growing importance to the Army S&T pro-
gram—not only from the domestic R&D pro-
grams but also from development overseas.
Conversely, where military R&D is in the lead
(e.g., rotorcraft, night vision, propulsion) tech-
nology transfer to commercial uses is actively
pursued. Technology transfer is also made
casier by the growing DoD adoption of com-
mercial products, practices, and processes, and
by the DoD Reliance initiative.

¢ Co-operative R&D Agreements. Itis Army
policy to actively market technology that can
benefit the public and private sectors, and to
respond quickly to requests for technical




Figure I-14. FY97 6.3 Program Breakout (Total = $693 Million)
52% of 6.3 funds for FY97 are committed to ATDs in AMC. The other 48% is spread among developing agencies as shown.
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7% ARI 1%

SSDC 1%
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*Includes significant Congressional enhancements.
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Figure I-15. FY97 S&T (6.1, 6.2, 6.3) Program Breakout
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[ Developing Agenm
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PEO-IEW 3% 1%
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assistance. The mechanisms for accomplish-
ing this are Cooperative R&D Agreements
(CRDAGs), the Construction Productivity
Advancement Research (CPAR) program,
Patent License Agreements (PLAs),and tech-
nical outreach programs. The cumulative
Army totals from 1989 through FY96 are 895
CRDAsincluding CPAR agreements,and 73
PLAs. Of these agreements, 653 are still
active (see Chapter VILB.4 and B.5). The
Army has more cooperative agreements than
all the remainder of DoD combined.

e National Automotive Center (NAC). Rec-
ognizing the many dual use benefits to be
exchanged among industry, academia, and
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government, the Army established the Na-
tional Automotive Centerin 1993 (see Figure
I-16). The NAC s located at the U.S. Army
Tank-Automotive Research, Development
and Engineering Center, Warren, Michigan,
and serves to facilitate the transfer of dual use
automotive technologies from the commer-
cial sector to the military and vice versa.

National Rotorcraft Technology Center
(NRTC). The NRTC, established in 1996, is
a catalyst for facilitating collaborative rotor-
craft research and development between the
DoD (Army and Navy), the National Aero-
nautics and Space Administration (NASA),
the Federal Aviation Administration (FAA),




Figure I-16. Dual-Use Technology

National Automotive Center

* Fosters Partnerships

« Exploits Dual-Use Technologies

* L everages Each Other's Unique Capabilities

* Strengthens Automotive and Military Industrial Base/
Agile Manufacturing

¢ Defense Conversion - Qutreach, Education,
and Training

* University Center of Excellence in

Automotive Research National Rotorcraft Technology Center (NRTC)

¢ Government, Industry, and Academia Team to Maintain U.S. Rotorcraft
Supremacy and Global Competitiveness
¢ Members:
—~ Army/NASA/FAA/Navy
— Bell, Boeing, McDonnell-Douglas, and Sikorsky
— Army Rotorcraft Centers of Excellence
¢ Provides 4 to 1 Buying Power for DoD Investment

|

industry, and academia (see Figure I-16). It defense agencies assisted by Project Reliance.
serves as the means to cooperatively develop Other government agencies leveraged by the
and implement a rotorcraft technology plan Army include the national laboratories of the
and national strategy that can effectively ad- Department of Energy (DoE), particularly for
dress both civil and military rotorcraft needs. technologies such as directed energy and ad-
vanced materials; and the National Aeronautics

and Space Administration (NASA).

* University Research Centers. Army policy is
to foster basic research objectives by leverag-
ing research programs in academic institu-
tions. To accomplish this the Army sponsors
research through the Army Center of Excel-
lence Programand through the DoD Univer-
sity Research Initiative. Through these

programs the Army focuses active research _ o
participation with more than 20 American ~ Phase | (Technical Feasibility, 6 Months,

universities (see Chapter V and Chapter $100K Max)
VIL.C.]). — Phase If (R&D Effort, 2 Years, $750K Max)

Figure I-17. Small Business Innovation Research
(SBIR) Process (<500 employees)

¢ Three Phase Program

— Phase lll (Commercialization, No SBIR Funds

* Small Business Innovation Research (SBIR). Used)

The Army has revised and strengthened the
SBIR program to better leverage and support » DA Review/Selection Process
this innovative, entrepenural sector of our . $90-100M/Year

economy (see Figure 1-17).
* Gaps Between Phase | and Phase |l Efforts

Many Army sc@er.lce and Eechnology programs Reduced by SBIR Evaluation Board; Semi-
are conducted jointly or in coordination with Annual Transfer Offering Two Windows for
the Air Force, the Navy, the Defense Advanced Phase Il Funding

Research Projects Agency (DARPA), and other
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Outside the United States, the Army seeks po-
tential opportunities to increase the effective-
ness of technology development through the
sharing of RDT&E resources with NATO and
major non-NATO allies. These jointand inter-
agency programs are discussed in Chapter VII,
Technology Transfer.

Army Modernization
Strategy

A principal focus of U.S. military planning is on
deterrence and regional crisis response. The
Army, in concert with the other military ser-
vices, is the strategic contingency force which
must respond rapidly to regional crises and
ensure that, if deterrence fails, we win deci-
sively, swiftly, and with minimum casualties.

Army warfighting concepts to meet changing
world realities are currently in a transitional
period. JCS Pub 3-0, Doctrine for Joint Opera-
tions, establishes the fundamental principles,
concepts, and doctrine for the Armed Forces of
the United States in joint operations, as well as
the doctrinal basis for U.S. military involve-
ment in multinational and interagency opera-
tions. Itdefines the range of military operations,
encompassed by war and operations other than
war; describes the linkage between National
and Combatant Command strategies; and pro-
vides a treatise on the operational art of war.
JCS Pub 3-0 establishes the framework within
which the doctrine, training, leader develop-
ment, operations, and materiel of the U.S. Army
must be generated and synchronized.

U.S. Army FM 100-5, Operations, was created
within the construct of National Security Strat-
egy and Policies, National Military Strategy,
and JCSPub 3-0. FM 100-5 undergirdsall of the
Army’s doctrine, training, materiel, leader de-
velopment, and soldier concerns. Doctrine is
never static; although firmly rooted in the reali-
ties of current capabilities, it does look to the
futureinanticipation of intellectual and techno-
logical developments. FM 100-5 has led to
establishment of six Battle Labs. The Advanced
Concepts and Technology (ACT) II 6.2 Pro-
gram, highlighted in Figure I-18, competitively
funds industry at the $12-20 million per year
level to participate in Battle Lab and Advanced
Warfighting Experiments at the TRADOC
Battle Labs. A more comprehensive explana-
tion is presented in Chapters IT and VIL.

The Army Modernization
Plan

The Army’s force modernization strategy must
anticipate the threat and design a defense long
before that threat appears. The Army Chief of
Staff has established five strategic objectives to
guide this modernization. To enable the Army
toimplement thatstrategy, the science and tech-
nology program mustbe closely linked to Army
force modernization, focusing on upgrades and
advanced systems and concepts that meet Army
needsand delivering timely and affordable tech-
nologies that support those advanced systems
and concepts.

The Army Modernization Plan (AMP) is pre-
pared by the Deputy Chief of Staff for Opera-
tions and Plans. The AMP formally states the
Army’s funded plans for force development
and modernization and clearly articulates goals
for specific modernization efforts through its
mission area modernization annexes. It is the
key document that assists in focusing and disci-
plining research, development, and acquisition
(RDA) efforts over the long term (up to 30
years). The AMP promotes better communica-
tion between the Army and industry and allows
for the early identification of programs that are
not feasible given existing and planned fund-
ing. Chapter III of this volume presents an
overview of the modernization plan annexes,
highlighting required enabling technologies and
important technology demonstrations for the
Army’s future upgrades and new systems (see
Figure I-19).
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Figure I-18. ACT II Program

¢ New Initiative to Fund Simulation and Field Tests
at Battle Labs

* New Concepts Evaluation By TRADOC
Battle Labs

* Proposals From Industry/Academia Through
BAA

* Contract Management Through Lead RDECs
Supporting Battle Labs

* Funding (6.2)
$12-20M per year FY95-99




ASTMP
Figure I-19. Science and Modernization Army Modernization Plan Annex Section
Technology Support for Objectives (Chapter lll Section Title) Reference
the Army Modernization ) , .
Objectives Project and Sustain the Force | Combat Maneuver (Soldier Systems) .
Combat Health Support ln.J
Logistics .0
Training ".P
Protect the Force Air Defense Artillery li.L
Nuclear, Biological, Chemical LK
Win the Information War Intelligence and Electronic Warfare .F
Command, Control, Communications, and .E
Computers
Space Nn.Q
Conduct Precision Strikes Aviation .0
Fire Support In.N
Dominate the Maneuver Battle| Combat Maneuver (Mounted Forces) .G
Combat Maneuver (Close Combat Light) LK
Combat Maneuver (Engineer and Mine Warfare) .M

Modernization Plan Annexes set priorities
among Army programs and integrate those pro-
grams into the total Army force (active and
reserve components), thus allowing resources
to be used more efficiently as modernization
plans are completed and executed. Each annex
is constrained to available and programmed
resources and must be responsive to external
factors such as changing threats, technology
opportunity breakthroughs or delays, funding
levels, and personnel assets.

Acquisition Reform

How we acquire and field these capabilities is
critical to achieving the vision. The current
acquisition process was designed for acquiring
large, new weapon systems produced in quan-
tity. Ittakestoolongand costs too muchfor our
post-Cold War budgets and today’s technology
turnover times. We must accomplish meaning-
ful acquisition reform to be able to modernize
the Army in a timely and affordable manner.
We must become a world-class customer sup-
ported by world-class suppliers, using the full
capabilities of America’s total industrial base,
governed by an acquisition system based on
trust and partnership and incentivization of
proper risk management, not risk aversion. As
a minimum, we need to implement the follow-
ing key improvements in our contracts:
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Require the Integrated Product and Process
Development (IPPD) approach to acquisi-
tion.

Identify and vigorously implementbest busi-
ness practices, products, processes, and stan-
dards while eliminating non-essential military
standards.

Exploit advanced distributed simulation for
higher quality, lower cost, more timely con-
cepts, more relevant requirements, and im-
proved requirements-cost-schedule tradeoffs.
Use these simulations to support develop-
ment, testing, production planning, training,
and mission rehearsal/planning.

Obtain better, more timely customer require-
ments by integrated decision teams comprised
of the warfighter, technologist, acquirer, and
industry through TRADOC Battle Labs, Ad-
vanced Technology Demonstrations (ATDs),
and Advanced Concept Technology Dem-
onstrations (ACTDs).

Procureonaprice-based, bestvalueapproach
vice lowest cost approach, thereby reducing
cycle time, avoiding two separate (govern-
ment and commercial) accounting systems,
and reducing final cost to the taxpayer.

Shift from a mass production assumption
to lean, agile, and flexible manufacturing
commensurate with smaller production
orders and the need for continuous
improvement.




Our acquisition development cycle times must
allow us to field the winning-edge technology
before our adversaries can develop or buy the
same technology. A smaller Army must be
better and more modern than any enemy. We
cannot afford to do otherwise, lest we field
mediocre equipment and lose our capability to
win decisively with minimum casualties.

With our wide range of missions, global uncer-
tainty, increased global technology transfer, and
limited RDA budget, the Army must lead ac-
quisition reform. For example, we require that
all Acquisition Category I and II programs as
well as all Advanced Technology Demonstra-
tions (ATDs) have a Simulation Support Plan to
ensure that advanced distributed simulations
are used to improve acquisition by such time
and cost-saving techniques as virtual
prototyping from concept to production. The
TRADOC Battle Labs are critical in simulat-
ing, experimenting, and assessing advanced tech-
nologies and concepts, thereby accelerating and
improving both the requirement and acquisi-
tion processes.

We have required ATD to be sponsored by a
Battle Lab and have at least one experiment
performed at a Battle Lab. The Advanced Con-
cepts and Technology (ACT) II program is
funding competitively selected proposals from
industry to demonstrate promising technology
and prototypes of keen interest to all the Battle
Labs. The Battle Lab Directors select the topics
to be requested. Each of these will be tested
and/or simulated at a sponsoring Battle Lab.
The OSD Advanced Concept Technology Dem-
onstration (ACTD) initiative will allow us to
rapidly prototype promising technologies and
provide real capabilities for the war fighting
customer to evaluate. (See below, Section E.1,
for more on the ACTD program.)

Horizontal Technology Integration (HTT), the
application of common enabling technologies
across multiple systems to improve the war
fighting capability of the force, allows us to
lower research and development costs and de-
velopment time and obtain lower unit produc-
tion costs by procuring larger quantities of the
same subsystem for different weapons systems.
We also benefit from a common logistics base
for the same subsystems on multiple platforms.
Key technologies that we will insert under this
concept include the 2nd Generation FLIR,
Battlefield Combat Identification Systems,

Digitization, and Survivability Suite of En-
hanced Systems.

A final consideration in the process is how we
deal with industry. We must ensure through
performance specifications and streamlined, tai-
lored, page-limited solicitations that we give
them maximum flexibility by telling them what
we want as an end item and not how to do it or
how to get there. The New Training Helicop-
ter and T-800 engine procurements are ex-
amples. Furthermore, we must leverage
commercial technologies, products, and pro-
cesses and establish open architectures that fa-
cilitate future upgrades, leveraging the
commercial information technology revolution
and rapid advances in computers. These initia-
tives will shorten acquisition times for quality
upgrades, reduce life-cycle cost, and allow us to
easily integrate exciting new technologies as
they become available.

I-14

Technology
Transition

The number of major weapon systems new
starts will decrease substantially the rest of this
decade, while increased reliance will be placed
upon technology insertion into existing sys-
tems via such upgrading mechanisms as engi-
neering change proposals (ECPs), product
improvement proposals (PIPs), pre-planned
product improvements (P3I), and block im-
provement and multi-stage improvement pro-
grams (MSIP). These upgrade efforts may be
intended to achieve one or a combination of the
following objectives: improve performance,
extend usefullife, reduce operating and support
costs, improve safety/survivability, or create a
new major/revolutionary combat capability.

Technology demonstrations facilitate technol-
ogy transition. They are performed to demon-
strate that a technology is sufficiently mature
and its contribution to military capability suffi-
ciently understood to be ready for transition to
the next acquisition stage, development. Be-
cause these are S&T efforts, no formal user-
operator approved operational requirement
document is needed. In fact, a technology
demonstration should assist the user/operator
to better understand the technology and to
formulate a better statement of the requirement




prior to entering development. Tech demos are
usually funded with 6.3 funds, but may include
6.2. A major goal of the Army S&T program is
now, where possible, to provide sufficient matu-
ration to enter directly into Engineering and
Manufacturing Development (EMD). A "Fast
Track" initiative is underway for selected pro-
grams to facilitate this process. There are two
types of technology demonstrations that greatly
improve technology transition/insertion—

ACTDs and ATDs.

Advanced Concept
Technology Demonstration
(ACTD)

Advanced Concept Technology Demonstra-
tions (ACTDs) provide a mechanism for in-
tense involvement of the warfighters while
incorporation of technology into a warfighting
system is still at an informal stage. This allows
iterative change of both the system construct
and the user’s concept of operation without the
constraints and costs which are incurred when
the discipline of formal acquisition is involved.
ACTDsareuser-oriented, even user dominated.

The ACTD has three driving motivations: (1)
to have the user gain an understanding of and
to evaluate the military utility before commit-
ting to acquisition; (2) to develop correspond-
ing concepts of operation and doctrine that
make the best use of the new capability; and (3)
to provide limited, initial residual operational

capabilities to the forces. ACTDs are of scope
and scale sufficient to establish military utility.
Residual capability is an important element in
that the user is left with a residual capability for
continued use for up to two years. This pro-
vides the commander a significant improve-
ment in capability and the ability to refine the
tactics and gain insight into the potential impact
on doctrine. The ACTD process is shown in
Figure I-20. All Army ACTD proposals must
now have the approval of the Commander of

TRADOC.

Formal requirements of the operational forces
will be generated during the ACTD. The out-
come of an ACTD is determined by the conclu-
sions of the participating users. If the useris not
prepared to initiate acquisition, the effort will
terminate consistent with the user’s reasons. If,
on the other hand, the user determines that the
demonstrated concept should be brought into
the forces, there are two possible avenues. First,
if large numbersare required, the system should
enter the acquisition process at whatever stage
good judgment dictates. Second, if only small
numbers are required, it is preferable to modify
the demonstration system appropriately and
then to replicate it as needed. This latter avenue
might apply to C3, surveillance, and special
operations equipment as well as to complex
software systems where evolutionary develop-
ment and upgrading is preferred.

In FY97, the Army is participating in seven
ACTDs, five as lead service: Precision/Rapid
Counter-Multiple Rocket Launcher (see

Figure I-20. Advanced Concept Technology Demonstration (ACTD) Process
Rapid transfer of technology into warfighting capability.
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Chapter III-F and Figure 1-21), Rapid Force
Projection Initiative (see Chapter IILN and
Figure I-22), Combat Identification (see Chap-
ter I[ILF and Figure I-23), Rapid Terrain Visu-
alization (see Chapter III.LH and Figure 1-24),
and Joint Logistics (see Chapter II1.O and Fig-
ure I-25). The Army and Navy/Marine Corps

(see Chapter III.M and Figure I-26) and Mili-
tary Operations in Urban Terrain (MOUT)
(see Chapter IILI and Figure I-27). Each of
these ACTDs is composed of one or more
Army ATDs (described in Chapter III and
Appendix B, Volume II) as shown in the figure
captions.

are co-lead for two ACTDs: Joint Countermine

Figure I-21. Precision/Rapid Counter—Multiple Rocket Launcher ACTD (FY95-98)

Objective is to demonstrate an adverse weather, day/night, end-to-end, sensor-to-shooter precision, strike capability
against high-value, time critical targets, including a specifically enhanced capability for USFK to defeat the North Korean
240mm MRL threat during H to H plus 48 hours.

Supporting ATDs:

* Common Ground Station*

* Guided MLRS

(See Volume II, Annex B, for description of current ATD)

*Completed in FY95.
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Figure 1-22. Rapid Force Projection Initiative ACTD (FY94-01)

Objective is to demonstrate enhanced antiarmor and counterbattery capabilities for airlift constrained early entry forces
including semi-automated target transfer from forward sensors to lightweight standoff weapons using C2 integration; and
fully explore the capability to expand the brigade level battle space.

Supporting ATDs:

L

(See Volume II, Annex B, for description of current ATD)
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Intelligent Minefield / (;P S
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Guided MLRS
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Figure 1-23. Combat Identification ACTD (FY96-99)

Objective is to demonstrate a joint, integrated air-to-ground and ground-to-ground combat identification capability.
Supporting ATD:

* Battlefield Combat Identification
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Figure 1-24. Rapid Terrain Visualization ACTD
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Figure I-25. Joint Logistics ACTD
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Figure I-26. Joint Countermine ACTD (FY95-00)

Objective is to demonstrate a seamless amphibious and land warfare countermine operational capability from sea to land

by coordinating Army, Navy, and Marine Corps technology demonstrators, prototypes, and fielded military equipment.

Supporting ATDs:

* Close-In-Man-Portable
Mine Detector*

* Off-Road Smart Mine
Clearance

Hamlet’s Cove

*Completed in FY95
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Figure [-27. Military Operations in Urban Terrain (MOUT) ACTD
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Advanced Technology
Demonstration (ATD)

ATDs are a category of technology demonstra-
tion characterized by the following: relatively
large scale both in resources and complexity;
operator/user involvement from planning to
final documentation; testing in a real and/or
synthetic operational environment; finite sched-
ule, typically five years or less; cost, schedule,

simulation is strongly encouraged, as needed.
This means approximately $250 million worth
of ATDs will be evaluated at the Battle Labs this
year. This helps each TRADOC School to
develop more informed requirements and the
materiel developer to reduce risk prior to the
initiation of full-scale system development.
FigureI-29 shows the crosswalk of the 23 ongo-
ing ATDs with the Army Modernization Plan
Annexes, STOs (see also Annex A of Volume
IT), and sections of Chapter III in this volume.

and objective performance baselinesinan Army F

Technology Demonstration Plan approved by
the DAS (R&T). Each ATD must meet or
exceed exitcriteriaagreed upon by the warfighter
and ATD Manager at program inception (well
before the tests begin) before the technology in
question will transition to development. The
ATD approval process is shown in Figure I-28.

Defense Science
and Technology
Strategy

ATDs seek to demonstrate the potential for | 1.

enhanced military operational capablhty and/
or cost effectiveness. Active participation by
the TRADOC School, as well as the developer,
is required throughout the demonstration. At
least one demonstration at a TRADOC Battle
Lab is required, and an advanced demonstration

Vision
The DoD vision for Defense S&T is to develop

and transition superior technology to enable
affordable, decisive military capability.

Figure 1-28. Army ATD Process
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Figure I-29. Correlation Between Ongoing Army ATDs and the Army Modernization Plan

Army Mod Plan Annex Section ASTMP
Description

ATD Primary Secondary Section STO
Rotorcraft Pilot's Associate Aviation IEW I-D H1.D.01
Battlefield Combat |D C4 IEW, Combat - I1.E.07

Maneuver, Aviation

Digital Battlefield Communications C4 -E lL.E.09
Hit Avoidance Combat Maneuver -G .G.06
Composite Armored Vehicle Combat Maneuver -G H.G.01
Target Acquisition Combat Maneuver -G 11.G.08
Enhanced FOGM Combat Maneuver IEW HI-H I11.H.03
Hunter Sensor Suite Combat Maneuver IEW lil-H lI.H.02
Precision Guided Mortar Munition Combat Maneuver Fire Support -H IIl.LH.04
Intelligent Minefield Combat Maneuver HI-M . M.O07
Total Distribution Logistics 1HI-O .0.11
Objective Individual Combat Weapon Combat Maneuver -1 l.1.01
Guided MLRS Combat Maneuver HI-N I11.N.11
Vehicle Mounted Mine Detector Combat Maneuver n-m 11.M.08
Direct Fire Lethality Combat Maneuver in-Gg n.Gg.10
Integrated Biodetection NBC H-K 111.K.03
Multispectral Countermeasures Aviation -D N.D.13
Air/Land Enhanced Reconnaissance and Aviation H-b .D.14
Targeting
Battlespace Command and Control C4 lil-E INE.6
Future Scout and Cavalry System Combat Maneuver -G I.G.14
Multifunction Staring Sensor Suite Combat Maneuver Ifl-H LH.15
Mine Hunter Killer Combat Maneuver 1-M .Mm.9
Indirect Precision Fire Fire Support IHI-N ILN.18
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Joint Chiefs of Staff (JCS)
Future Warfighting
Capabilities Requirements

Military needs must determine what aspects of
S&T the DoD pursues, and with what priority.
It is the warfighter who enunciates those needs
in this post-Cold War environment of wide-
spread local warfare, potential for major re-
gional contlicts, proliferation of weapons of
mass destruction, and peacemaking operations.

The JCS have identified 10 Future Joint War-
fighting Capabilities most needed by the U.S.
Combatant Commands. These needs, coupled
with technological opportunity, guide S&T.

¢ Information Superiority, combining the ca-
pabilities of intelligence, surveillance and re-
connaissance (ISR) along with command,
control, communications, computers and in-
telligence (C4I)

e Precision Force, including the capability to
destroy selected targets, both mobile and
fixed, over wide areas and corresponding
long ranges, with precision while limiting
collateral damage.

e CombatIdentification, with the capability to
differentiate potential targets, mobile and
fixed, over large areas with corresponding
long distances, as friend, foe, or neutral.

 Joint Theater Missile Defense, using the as-
sets of multiple Services and Agencies to
detect, track, acquire and destroy enemy the-
ater ballistic and cruise missiles.

e Military Operations in Urban Terrain with
the capability to operate and conduct mili-
tary operationsin built-up areasand to achieve
military objectives with minimum casualties
and collateral damage.

e Joint Readiness and Logistics with the capa-
bility to enhance readiness and logistics for
joint and combined operations.

¢ Joint Countermine, for assured, rapid sur-
veillance, reconnaissance, detection, and neu-
tralization of mines.

o FElectronic Combat.

e Chemical/Biological Warfare Defense and
Protection.

e Counter Weapons of Mass Destruction.

Guiding Principles for S&T
Management

Five guiding management principles have been
adopted by the military departments and de-
fense agencies as the centerpiece of the S&T

management strategy. These five guiding man-
agement principles are designed to place in the
hands of our operational forces the best mix of
capabilities possible, in the short and long term,
by leveraging the best resources in DoD and the
nation.

* Transition technology to address warfight-
ing needs

¢ Reduce cost
e Strengthen the industrial base

¢ Promote basic research

Assure quality

I-22

Management and Oversight

The S&T Program is planned, programmed,
and conducted by the Military Departments
and the Defense Agencies. The Departments
are responsible for training and equipping the
military forces and use the S&T program to
provide warfighting and system options for
their components. The Defense Agencies are
responsible for specified generic and cross-ser-
vice aspects of S&T. They also execute desig-
nated programs in support of national security
objectives. The Defense Advanced Research
Projects Agency (DARPA)is charged with seek-
ing breakthrough technology and with invest-
ing in technologies that are dual use in nature,
serving as a basis for both defense and commer-
cial application.

The Director of Defense Research and Engi-
neering (DDR&E) is responsible for the overall
quality and content of the DoD S&T program.
The DDR&E, aided by the Defense S&T Advi-
sory Group (DSTAG) and the newly created
Reliance Executive Committee, ensures that
the program responds to the needs of the U.S.
military and to the national goals embraced in
the program’s vision (see Figure I-30). The
DDR&E assesses Service/Agency compliance
with program guidance by means of Technol-
ogy Area Review and Assessment (TARA)
teams. Each TARA team, comprised primarily




Figure I-30. Defense S&T
Management and Reliance

DDR&E

Reliance Executive

Defense S&T
Advisory Group

. . %&T Reliance Principals
Reliance Executive « Deputy DDR&E

Committee « Deputy Director of DARPA,

BMDO, and DSWA
‘ 10 DTAPs

Staff
[ [ [ I
JDL ASBREM TAPSTEM Joint Engineers
Combat Medical Personnel Environmental
Materiel Research & Training Quality &
Research Civil Engineering

of outside technology experts and chaired by
DDR&E technical staff, annually reviews the
Defense Technology Area Plan (DTAP) pre-
pared by joint expert teams of senior Service
and Agency technologists. The process to an-
nually update the DTAP, Joint Warfighting
Science and Technology Plan (JWSTP), and
Basic Research Plan (BRP) is managed by the
Reliance Executive Staff; the TARA process is
managed by the DDR&E. The 19 DTAPs

(which remain the basis for the taxonomy of
Chapter IV of the ASTMP) in FY95 were con-
solidated into 10 beginning in FY96, as shown
in Figure 1-31. The DTAP/JWSTP/TARA
relationship and recent process instituted by
the DDR&E with the DSTAG (see Figure I-32)
are intended to make Defense S&T even more
responsive to the warfighter and acquisition
customers, increase the relevance and efficiency
of the Defense S&T Reliance organization and

Figure I-31. TARA
Teams and DTAPs

TARA Team and New DTAPS

Previous TAPS

Air Platforms
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Part of Aerospace Propulsion and Power
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* Materials/Processes/Structures
 Civil Engineering and Environmental Quality
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Medical and Biomedical

* Medical and Biomedical S&T

Sensors and Electronics

s Sensors
¢ Electron Devices
» Battlespace Environments

Space Platforms

* Part of Aerospace Vehicles
¢ Part of Aerospace Propulsion and Power

Human Systems

¢ Human Systems Interface
« Individual Survivability and Sustainability
¢ Manpower, Personnel, and Training

Weapons

¢ Conventional Weapons

 Electronic Warfare and Directed Energy Weapons
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Figure I-32. Strategy, Planning, and Assessment Flow Diagram
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process, and improve the overall effectiveness
and efficiency of S&T strategic planning, pro-
gramming, and assessment. The Deputy Under
Secretary of Defense (Advanced Technology)is
responsible for creation and oversight of
ACTD:s.

Infrastructure

A major element of the Army strategy is a strong,
viable, high-quality in-house research capability.
Laboratories and centers are the key organiza-
tions responsible for technical leadership, scien-
tificadvancement, and supportfor the acquisition
process, including a smart buyer function. The
Army S&T organizational structure is illustrated
inFigureI-33; the funding breakdown by organi-
zation type is shown in Figure I-34. Asshownin
Figure 1-34, ARO is funded entirely with 6.1.
Less than 10 percentis used in-house; the rest goes
to fund this nation’s best university researchers.
ARL is mission funded with basic research (6.1),
applied research (6.2), and management support

(6.6),of whichitspends more than 40 percent with
industry and academia. It is a corporate labora-
tory, serving many research, development, and
engineering centers (RDECs), PEOs, and De-
fense agency customers. S&T funding for AMC
RDEC:s is only about one-fourth of total RDEC
funding. Approximately 60 percentof the RDEC
S&T funding goes to industry.
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Facilities and Equipment—
Essential Foundation For
Success

The Army owns a multibillion dollar network of
RDT&E facilities located at over 100 sites world-
wide (see Chapter VI, “Infrastructure”). The
technological demands in many fields, including
medicine, microelectronics, photonics, materials,
and manufacturing processes, dictate the need for
modern, excellent facilities. Consequently, the
Army is consolidating specialized facilities, elimi-
nating aging and technologically obsolete facili-
ties, and using the capabilities of contractors and




Figure I-33. Army S&T Organization
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Figure 1-34. S&T Funding Strategy
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other military services. At the same time, Army 2
RDT&E manpower is being drawn down (see | <*
Figure I-35). The new Walter Reed Army Insti-
tute for Research (WRAIR) is an example of long
overduemodernization of in-housefacilities which
focuses on those unique capabilities that truly
must be owned by the Army itself, consistent
with Project Reliance and Base Realignment and
Closure (BRAC) processes. The 1991 BRAC
mandated organizational consolidation and geo-
graphic collocation of ARL at two main cam-
puses, Adelphiand Aberdeen, MD. Construction
has started on a new materials research facility at
Aberdeen and new laboratory and office facilities
at Adelphi to accommodate incoming personnel
and maintain mission synergy.

In the future, the Army will use more auto-
mated equipment, computer-based research
support, and technological networking of re-
searchers to yield more work per scientist and
engineer. This strategy will be very important
as the Army reduces the size and changes com-
position of its civilian work force. Advanced
distributed simulation is compressing research
and technology development cycle times. The
use of physical simulation tools, computer mod-
eling, and other highly automated systems is
necessary to both product and manufacturing
process technologies, and is pivotal to the future
of the Army R&D establishment. These issues
are discussed further in Chapter VI.

People—The Key To The
Future

Approximately 10,000 in-house personnel in
30 laboratories, centers, and institutes are
funded by S&T. Working at a diversified set of
facilities, ranging from solid-state physics labo-
ratories to outdoor experimental ranges, these
personnel conduct research, technology devel-
opment, “smart buyer”, and product support
activities for the total Army. Highly motivated,
competent, well-trained people are essential to
the success of the Army S&T strategy. Keeping
the in-house work force technically competent
in a rapidly changing environment is a major
objective for the future. The DoD Laboratory
Quality Initiative (LQI) allows revised pro-
curementrulesand investmentin facilities which
will assist in meeting the challenge. Laboratory
consolidations to increase the critical mass of
scientific personnel, laboratory modernization,
the experimental use of wider pay bands, special
pay, and other OSD and Army initiatives are
being studied to remedy this problem.

Demographic projections for college graduates
indicate a declining number of engineers and
scientists in the period t0 2015. The Army is the
DoD leader in Youth Outreach (see Figure
I-36), Historically Black College/University/
Minority Institution (HBCU/MI) (see Figure
I-37), and Small Business Innovation Research
(SBIR) programs. Every university research

Figure I-35. RDEC and Lab Infrastructure (Personnel) Drawdown—FY89 to FY99*

ARI MRMC AMC USACE BRAC
313 1,500 15,227 2,465 Labs and
Centers
2,283

254
10,566
944
* Total Authorized Spaces, Funded by All Sources
** Includes BRAC 91, 93, 95
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center of excellence and federated laboratory is
required to have an HBCU partner who per-
formsasignificantamountof theresearch. Army
stay-in-school and summer intern programs
have convinced many students to study science
and engineering (see Figure 1-38).

Figure I-36. Youth Science Activities

GOALS:

* Conduct, Promote, and Sponsor Science, Math, and Engineering Education
* Promote Competent and Diverse Technical Workforce

¢ Implement EO 12821 and 10 U.S.C. 2192 (b)

PROGRAMS:

* DoD Science and Engineering Education Panel

¢ Junior Science and Humanities Symposia

¢ Research and Engineering Apprenticeship Program (REAP)

e "Uninitiates" Introduction to Engineering (UNITE)

* Science and Engineering Apprentice Program (SEAP)

+ International Mathematical Olympiad and Science and Engineering Fairs

Figure I-37. Historically Black Colleges and
Universities/Minority Institutions

CENTERS OF EXCELLENCE:
¢ Training
Morris Brown College—$750K annually
¢ Research in Information Sciences
Clark-Atlanta University—$750K annually
* Advanced Fuel Cell and Battery Manufacturing Technology
Illinois Institute of Technology—$2M annually
» Science, Math, and Engineering Education
Contra Costa College—$500K annually

SINGLE INVESTIGATOR PROGRAMS AT:
16 investigators at 11 institutions—$50K to $110K annually
e.g. University of Detroit-Mercy Howard University
North Carolina A&T State Univ. llinois Institute of Technology

COLLABORATIVE RESEARCH PROGRAMS:
¢ U.S. Army High Performance Computing Research Center
Subcontractor-Howard University

I 16% of Army Academic Awards go to HBCU/MIs

The Army Legacy

The Army Science and Technology Master Plan
projects the development and maturation of
technologies for the Army’s future systems and
system upgrades. Indeed, it is this transition of
technology into affordable systems and capa-
bilities which makes the science and technology
program a sound investment. Over the Jast 50
years, Army R&D has developed and fielded a
number of significant productand process tech-
nologies, some of which are highlighted in Fig-
ure [-39. Figures I-40 to I-42 highlight some of
the S&T contributions to Army aviation, tanks,
and howitzers. The impact of these technolo-
gies on military operations has been significant.
Army S&T products have helped win the Cold
War, Operation Just Cause, and Desert Storm.
Beginning in the 1980s, past Army investments
from basic science through subsystem compo-
nents have made the U.S. leader in night vision
capability (see Figure 1-43). Today’s invest-
ments will likewise lead to compact power for
the 21st Century (see Figure 1-44).

Figure I-38. Army 6.1 Funding in Science,
Mathematics, and Engineering Education

($K)

FY94 FY95 FY96

Precollege 1559 1867 2312
Undergraduate 103 83 95
Graduate 1239 202 178
Postgraduate 410 436 623

Other 1278 1170 1170

Total 4589 3758 4378

Examples:

* NRC Postdoctoral Associates

National Defense Science and Engineering Graduate Fellowship Program
Cooperative Education Programs

Army Summer Faculty Research and Engineering Program

Army Summer Associateship for High School Science and Math Faculty
Student Contractor Program

Surplus Equipment Loan and Transfer
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Conclusion

The Army Science and Technology Master Plan
is approved by the Secretary of the Army and
the Chief of Staff of the Army. It is our S&T
roadmap for achieving Force XXI. This plan is
provided to government, industry, and academia
to convey the Army’s science and technology
vision, objectives, priorities, and correspond-
ing investment strategy. This document is ex-
plicit, resource-constrained Department of
Army guidance to drive funding priorities and
the science and technology program as a whole.
“Resource-constrained” means the program
activities discussed in this document are funded
in the FY 1997 Army Appropriation and the
FY98 President’s Budget (FY98-03). The sched-
ules and projected technical accomplishments
reflect this level of funding.

It should also be noted that laboratory and
center Directors have sufficient flexibility, re-
sources, and authority to initiate projects, ex-
plore promising avenues of research and
development, and exploit opportunities as they
are identified beyond those which are discussed



Figure I-39. Army R&D Accomplishments

1990

Hypertonic saline dexton effectively resuscitates after significant hemorrhage, and poses no
hazard to renal function

CORE-LOC concrete armor unit for breakwaters

Fult color thin film electroluminescent one million pixel flat panel display

Composite hull for armored vehicles

Produced enzymatically active human acetylcholinesterase using recombinant DNA techniques
Airborne standoff minefield detection system

Second generation FLIRs

Food and drug administration licensure of halofantrine

Insects for biological contro! of problem aquatic plants

Rock rubble anti-penetration shielding

Day/night adverse weather pilotage system (D/NAPS)

Gene code in drug resistant malaria strains analogous to that in human cancer cells resistant to
anticancer drugs

Intrinsic chemical markers for food safety to validate the safety (i.e., sterility) of thermoprocessed
particulate foods

1980

AIDS diagnostic and staging schemes published for wide usage

Resin-based, non-toxic skin decontamination kit fielded

Pretreatment, improved antitode and anticonvulsant therapy for nerve agent poisoning
Ballistic-laser protective spectacles fielded

High precision missile terminal imaging

Meflogquine, antimalarial drug fielded

All Composite Aircraft demonstrated

Image processing

Personnel selection, classification, and assignment for formation of volunteer Army
Wire strike protection system fielded

1970

Reverse osmosis water purification fielded

Frequency hopping radios

Fiberoptics applications: Fly-by-light, FOG-M, communications
Lightweight, flexible body armor

Meals, ready to eat (MRE)

High burn rate solid rocket fuel technology

First practical tilt rotor system demonstrated

Superlattice electronics

First generation thermal imager fielded

1960

Meningitis vaccine developed

Individual and vehicle ceramic armor

Inertial surveying for field artillery demonstrated

Freeze dried compressed foods introduced

Fast Fourier transform developed

Sulfamylon, an antibacterial cream, development for treatment of burns
First starlight scope fielded

Laser rangefinder

Rubella virus (German measles) isolated

Laser semiactive guidance invented and demonstrated

1950

Global standard for time measurement
Photolithographic process for printed circuit boards
First weather/communications satellites

Solar cells for satellites

Redstone rocket—Army first in space

Turbine power for helicopter fielded
Dehydration/freeze drying of foods made practical
Mouth-to-mouth resuscitation developed

Image intensifier scope

T1-6A1-4V titanium alloy for aircraft developed

1940

lodine tables for individua! water purification
First specific cure for typhoid fever

First synthetic quartz

ENIAC, first modern electronic computer
First supersonic wind tunnel

Atomic bomb fielded

Helicopter first flown

Engine for first American jet fighter

Whole blood preservation

Proximity fuze
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Figure I-40. Aviation: Past and Future
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Figure I-42. Howitzers: Past and Future

-

Sensor Integration

Howitzer Battery
Management

Inertial Land
Navigation

Digital Closed-Loop

Proximity Fuzes Fire Control

M732

Projectiles
M864 Base Burn Projectile
Binary Round

Trunion Mounting
for Pointing/

Navigation Embedded

Training
Gyro Weapon

Pointing On-Weapon Fire

Technology for the Crusader

¢ Advanced Propellants

* Mid-Wall Cooling

¢ Laser Ignition of
Propellants

* Single Weapon Time-on-
Target

* Top Attack Protection

* XM982 Extended Range
Artillery Projectile

* Trajectory Real-Time
Analysis, Closed-Loop/
GPS

* Multi-Option Fuze for
Artillery (MOFA)

* Virtual Prototyping

b Eia Control
BaII!rsthI Firing * Composite Structures
ables Automated Fire and Armor
Commands
Figure I-43. Evolution of 2nd Gen FLIR Technology
6.1: Basic Research
6.2; Applied Research
6.3: Adv Development
: 64x64MCT ¥

- o 6.4: Eng Development Seeker

. FPA Te(‘:hnology J-T Cooled
Materials Technology + Monolithic MCT Component

« Indirect Hybrid MCT/Si ' Standardization/ 240 x 2 MCT
* Bulk Growth * Direct Hybrid MCT/Si Producibilify Linear Drive

* Liquid Phase
Epitaxy

Molecular Beam
Epitaxy

* Semiconductor
Physics

« Device Modeling

* Thermoelectrics

¢ Characterization

Optics Technology
¢ Aspherics

* Optical Coating
' Diffractive Optics

Cooler Technology
« Linear Drive

«Thermoelectric

Performance Modeling
* Components
¢+ Systems

* Focal Plane Array
» Cooler Dewar Assembly
* Optical Improvement

Technology
Demonstration

* Combat Vehicle
¢ Aviation
« Soldier

« Integrated Process/
Product Development

* Army’s First

Horizontal Technology
Integration

Virtual Prototype/
Simulati

Cooled Javelin

480 x 4 MCT.
% Linear
Drive
Cooled

Thermal Weapons
Sight

-

85

90 95

nced Warfighting Capabilities

B

I-30




Figure 1-44. The Future of Compact Power Technology
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Providing enabling capabilities for the 21st Centur

in this document. Budget reductions, however,
continue to erode this flexibility so essential to
technical discovery and support to the acquisi-
tionand field commanders. The Army’s science
and technology strategy and plan include sup-
port to the Defense Technology Area Plan, JCS
Future Warfighting Capabilities, Project Reli-
ance, and cooperation with our allies to pursue
common goals.

Technological superiority is essential if a smaller
Army is to be able to successfully engage in a
wide variety of future conflicts with minimum
casualties. With continued support, the Army
S&T program will ensure our affordable tech-
nological superiority, avoid technological sur-
prise, and provide us with revolutionary
warfighting capabilities for the next century
(see Figure I-45 and Figure 1-46).

Figure I-45. S&T Doing More for the Warfighter
With Less Resources

S&T Now Includes:

System-of-Systems Capability Demos

ACTDs (Large Scale Field Exercises and Residual Capabilities)
Simulation Technology to Support How-to-Fight Demos
Concepts for Battle Labs (ACT |l)

Industrial Partnerships (NAC and NRTC)

Federated Labs (6.1)

Environmental Technology

Producibility (Integrated Product and Process Design)
Support to Advanced Warfighting Experiments
Technology for Horizontal Technology Integration

More Complete Technical Risk Reduction

Acquisition Reform via Fast Track (straight to EMD)
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Figure I-46. S&T—Focused On the
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Minimizing Short Term Risk
Maximizing Long Term Success

America’s Army exists to fight and win our
Nation’s wars. Our Army today is ready to
accomplish this and any other task required.
The Army has a vision that enables us to sustain
this essence while accommodating enormous
change with balance and continuity. Today’s
soldiers benefit from past commitments to a
robust S&T program. Tomorrow’s soldiers
deserve no less.
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“We are not the only nation with competence in
defense science and technology. To sustain the lead
which brought us wvictory during Desert
Storm...recognizing that over time other nations
will develop comparable capabilities, we
must...invest in the next generation of defense tech-
nologies.”

William J. Perry, Secretary of Defense
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CHAPTER I

Science and Technology
Integration With Army XXI

Requirements

Determination

Requirements
Determination

For the past three years, the Army has explored
new ways to determine requirements. No longer
can we afford, fiscally or otherwise, to deter-
mine requirements based on deficiencies identi-
fied between our capabilities and those of the
former Soviet Union and the Warsaw Pact.

We now determine requirements more holisti-
cally based on desired Joint and Army capabili-
ties versus known deficiencies. We are not
trying to perfect yesterday’s shortfalls; rather,

we are anticipating tomorrow’s required capa-
bilities. This is being driven by warfighting
concepts focused on the future and experimen-
tation in our battle labs to discern viable re-
quirements. Our new way of doing business
recognizes that requirements can evolve from
several means: TRADOC schools, battle labs,
other MACOMs, the Force XXI Joint Venture,
and field commanders. Allemploy variations of
the same process but with different levels of
senior leader involvement. More leader in-
volvement reduces requirements decision
timelines. Ultimately though, TRADOC school
commandants define, document, and defend
DTLOMS requirements. (See Figure II-1.)

Figure II-1. A New Way of
Doing Business

oﬂ' 8
.

IDEAS &
CONCEPTS

« Holistic requirements based on desired
future capabilities

« Single overarching warfighting concept
with more detailed, lower level concepts

* Concepts from blueprint of desired
future capabilities

» Warfighting concepts are influenced by
and in turn guide S&T research

» Warfighting experiments primary source
of insights used by Army leaders to analyze
DTLOMS requirements

* Cost is independent variable and con-
sidered during requirement determination

N NS
. ARMY XX1

“"‘

Requirements

Requirements not related to this blueprint
are not and will not be resourced
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The requirements determination process be-
gins with a holistic future warfighting concept.
This concept is formed from a wide variety of
inputs, including the national security and mili-
tary strategies, lessons learned from recent op-
erational experiences, and future conflict
scenarios. Additionally, the concept is influ-
enced, but not driven, by an appreciation of
future science and technology (S&T) possibili-
ties. This overarching concept is the basis for
operations and functional concepts addressing
the full spectrum of Army operations and func-
tions. Together, the Warf1ght1ng concepts are
the Army’s “blueprint” for determining
DTLOMS requirements across the combined
arms and services team. Requirements not re-
lated to this blueprint are not and will not be
resourced.

No requirement is determined in isolation. Se-
nior leaders make requirements decisions based
on an understanding of all potential require-
ments, cost goals, and their impact on the opera-
tional force. Wewill not abandon the search for
potential “silver bullets,” but we can no longer
expect performance atany cost—we just cannot
afford everything we want. With cost as an
independent variable, the preferred solution
will include an affordable life cycle cost.

Determining requirements is just the first of
many steps or activities leading to the desired
future warfighting capability. After the
TRADOC Commander approves them, orga-
nization, materiel, and soldier requirements are
sent to DA for final action. After this, the
requirements are resourced, solutions are se-
lected, and then capabilities are fielded.
TRADOC retains defined doctrine, training,
and leader development requirements for
resourcing and solution development.

Concept Development

The military community often uses the terms

“vision,” “concept,” and “doctrine” inter-
changeably, but they are not synonymous. A

“vision” is a rudlmentary abstract description
of a desired endstate. A “concept” translates a
vision or visions into a more detailed, but still
abstract description of some future activity or
endstate. “Doctrine” is a body of thought that
comprises the fundamental principles by which
military forces guide their actions in support of
objectives. It represents consensus on how the
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Army conducts operations today. Visions and
concepts generate questions about the future
while doctrine provides answers about today.
Integrated multidisciplinary teams produce con-
cepts. Doctrine evolves as questions about
concepts are answered or as concepts are vali-
dated through analyses, experiments, exercises,
or actual operations.

The TRADOC Commander develops the
Army’s future warfighting vision. Itisaholistic
description of desired Army capabilities as seen
during acommander’s recon from a “mountain
top” in the distant future. Because of the lack of
aclearly defined adversary, warfighting experi-
enceand the national security and military strat-
egiesare mostinfluential to vision development,

with science and technology opportunities pro-
viding a frame of reference. (See Figure II-2.)

An Integrated Concept Team (ICT) formed by
the TRADOC Deputy Chief of Staff for Com-
bat Developments (DCSCD) translates the fu-
ture warfighting vision into an overarching
warfighting concept. This concept is a more
detailed descr1pt1on of Army capabilities as seen
during a “staff ride” from the same mountain
top visited by the TRADOC Commander. In
addition to codifying the future warfighting
vision, the overarching warfighting concept re-
flects more direct linkages to the National Mili-
tary Strategy (NMS), the Defense Planning
Guidance (DPG), Joint Vision, the Chairman,
Joint Chiefs of Staff Capabilities Plan, the vari-
ous Commanders in Chief Integrated Priority
Lists (CINC IPL), the Joint Warfighting Capa-
bility Assessment (JWCA), the Army Long-
Range Planning Guidance (ALRPG), The Army
Plan (TAP), and the Army Modernization Plan
(AMP). In so doing, the overarching warfight-
ing concept becomes the primary reference for
all other concept development activities. The
Army’s overarching warfighting concept is
documented in TRADOC Pamphlet (TP)525-5.

Since the overarching warfighting concept pro-
vides a holistic, macro-level description of the
future Army, it is augmented by more detailed
operations and functional concepts, which de-
scribe the full range of interdependent and re-
lated future Army capabilities from a variety of
perspectivesand levels. HQ TRADOC, school
commandants, and selected non-TRADOC
leaders form ICTs to produce these concepts.
All warfighting concepts begin as intellectual
products which are further developed through
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All DTLOMS requirements support
future warfighting concepts

constructive analysis and experiments. This
allows them to be defined in greater detail,
refined, and substantiated as a relevant frame-
work for requirements determination. The
TRADOC Commander approves all concepts.
Examplesinclude: Division Operations, Modu-
larity, Information Operations, Battlefield Vi-
sualization, Non-Lethal Operations,
Space-Support to Land Warfare.

A key function to be matured at HQ TRADOC
is a holistic analytical constructive ability to
allow an annual, or biennial, review of future
force concepts and designs. This will require
Army-wide acceptance of a series of construc-
tive simulations, the sum of which depict a
reasonable estimate of the Total Army Force
required at any point throughout the program
period. This will provide a forum for review of
all “new ideas” that have emerged during the
year with the intended outcomes being a holis-
tic picture of a force and how it might fight and
dismissal of obviously “bad” concepts.

Concept development usually leads to S&T
research or experimentation. Concept devel-
opmentoccasionally producesa compellingidea
that can be defined asa DTLOMS requirement.
In those cases, the S&T and experimentation
phasesarebypassed. Early—accurate—require-
ments definition is the ultimate goal of our
requirements process.
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Future Operational
Capabilities

A summary of desired future operational capa-
bilities described in concepts approved by the
TRADOC Commander will be provided in TP
525-66, Future Operational Capabilities (for-
merly called Operational Capability Require-
ments) (see Volume II, Annex C). This
document will be the control mechanism for
requirements determination activities. Itis the
basis for a holistic appraisal of current and
desired future capabilities which produces a
future capabilities strategy. This strategy pro-
vides the authority to conduct studies and warf-
ighting experiments to better understand desired
capabilities and the means to achieve them. (See
Figure II-3.)

In the past, the requirements determination
process made it virtually impossible to cross-
reference future capabilities. TP 525-66 will
open up the requirements determination pro-
cess to all players and will enable horizontally
integrated DTLOMS requirements determina-
tion across the combined arms team. This will
be especially useful to materiel developers, pro-
viding an unclassified reference to guide inde-
pendentresearch and development (IR&D) and
facilitate better horizontal technology integra-
tion (HTT) throughout future systems.
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Science and Technology
Support to Requirements
Determination

The Army S&T program s the breeding ground
for innovative technological warfighting in-
sights. Moreover, the S&T program supports
our goal of rapid requirements determination
by recognizing that there are different research
timelines associated with every technology, e.g.,
it does not impose the same timelines on soft-
ware developmentasitdoesfor precision guided
munitions.

A series of reviews of current and proposed
S&T activities guide focused research. The first
is a TRADOC annual assessment of all pro-
posed Army-funded S&T projects. It is con-
ducted based on an appreciation of current
capabilities, ongoing S&T activities, and their
applicability to the future capabilities described
in TP 525-66. (See Figure II-4 and Section B of
this chapter.)

TP 525-66 also guides IR&D. By providing the
private sector an unclassified, descriptive list of
desired future capabilities, the Army is able to
tap into a wealth of information and new ideas
ondifferent means to achieve those capabilities.

The Army encourages industry to share these
ideas with appropriate combat or training de-
velopment organizations. A special program—
the Advanced Conceptand Technology ITI(ACT
II) program—provides “seed money” to actu-
ally demonstrate the various ideas.
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Warfighting
Experimentation

Warfighting experiments are the heart of the
Army’s warfighting requirements determina-
tion process. Progressive and iterative mixes of
high fidelity constructive, virtual, and live simu-
lations using real soldiers and units in relevant,
tactically competitive scenarios provide Army
leaders with future operational capability in-
sights.

This aspect of the new requirements process is
often overlooked or ‘misrepresented. “War-
fighting experiment” is not a new name for test

‘and evaluation. While testing may occur in an

experiment, we conduct experiments to gain
understanding aboutsome aspect of future war-
fighting, not to just measure the performance of
new doctrine, training, leader development,
orgamzatlon or materiel. Capability insights
are “way points” used to plot the Army’s future
course.

There are a wide variety of warfighting experi-
ments. All begin with formal hypotheses de-
rived from contemporary operational issues,
warfighting concepts, or S&T research. The
hypotheses may relate to any of the DTLOMS
domains. New or changed doctrine, organiza-
tions, and materiel generate the majority of
experiment hypotheses. However, training,
leader development and soldier issues may
also drive independent experiments. Regard-
less of what initiates an experiment, it becomes
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a training and leader development experience
for the entire Army as we experience some
aspect of future warfighting.

The principal role of the battlelabs s to planand
conduct warfighting experiments. Working
with the concept proponent and the TRADOC
Analysis Center (TRAC), battle labs develop
hypotheses and then prepare detailed experi-
ment plans that describe objectives, measures of
performance, measures of effectiveness, partici-
pants, milestones, data collection, and resources.
This is a change from the last three years when
battle labs were much more involved with other
aspects of requirements determination.

TRAC, assisted by other organizations as
needed, analyzes the results of every experi-
ment. TRAC analyses, and recommendations
from actual experiment participants, form the
basis for the final experiment report. The ex-
periment proponent can choose to discard the
hypotheses in their current form, continue to
experiment with the same or modified hypoth-
esis, define DTLOMS requirements, or recom-
mend rapid acquisition and fielding.

Depending on the nature of the experiment, the
Army’s Operational Testand Evaluation Com-
mand (OPTEC) may also be involved with the
experiment design and execution. When pos-
sible, this facilitates concurrent statutory test
and evaluation which potentially reduces field-
ing times.
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There are two main categories of warfighting
experiments—concept experiments and ad-
vanced warfighting experiments (AWE). The
overwhelming majority are concept experiments
pertaining to individual operations or branches.
They are the means to “model-experiment-
model” possible requirementsand are the build-
ing blocks in the “progressive and iterative mix”
of simulations. Additionally, they are usually
small enough to support the detailed planning
and data collection required by the test and
evaluation communities. A concept proponent
conducts the experiment or requests a battle lab
to sponsor it. They either resource it in-house
or request resources from the TRADOC
DCSCD Concept Experimentation Program
(CEP),

Experiments that are focused on a major in-
crease to warfighting capability across multiple
branches are part of the AWE program. Any of
the concept proponents recommends the ex-
periment, the TRADOC Commander spon-
sors it, and the Chief of Staff, Army, approves
and resources it. (See Figure II-5.)

Today, most warfighting experiments employ
live simulations—soldiers and units in field en-
vironments. However, live simulations are very
expensive, and if they involve new materiel may
occur late in the materiel development cycle.
Future warfighting experiments will use a com-
prehensive suite of reconfigurable simulators
and simulations in addition to live simulations.
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Distributed interactive simulations (DIS)
connected by the Defense Simulations Inter-
net (DSI) will create a synthetic theater of
war (STOW) that enables Army leaders to
quickly model, evaluate, and change different
requirements from any of the DTLOMS do-
mains. Thus, future warfighting experiments
will Jeverage relatively low-cost models to ex-
plore requirements across the DTLOMS spec-
trum, reserving expensive field exercises for
the final defining event in the requirements
determination process.

Warfighting experiments provide the Army an
unsurpassed means to understand future warf-
ighting requirements. Planned and executed
with the entire combined arms team and appro-
priate other service elements, warfighting ex-
periments open “windows to the future.”
Understanding the costs and benefits of change
across the force and in all domains allows us to
“maintain the edge” and conserve resources at
the same time.

Contemporary Operational
[ssues

It is important to understand a parallel effort
that occasionally supersedes all other require-
ment determination activities. Contemporary
operational issues—warfighting needs of sol-
diersand units engaged in real operations some-
whereinthe world—take precedence over future
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requirements. These issues are addressed by a
microcosm of the larger requirements determi-
nation process, with some of the same teams
that are involved with future requirements
quickly refocused to address the contemporary
issues.

Commandersin the field identify critical opera-
tional needs—ones thatjeopardize soldiers’lives
or a unit’s ability to accomplish assigned mis-
sions—and forward them to DA DCSOPS via
an operational need statement (ONS) in the
most expeditious manner possible. (See Figure
11-6.)

The DA DCSOPS reviews the ONS and deter-
mines the appropriate response. Materiel needs
thatalready have approved requirements docu-
ments or require urgent, out-of-system reac-
tion to preserve life will be forwarded directly
to the materiel development community.

TRADOC will beinformed of such actions and
will assist resolution of the need by all possible
means. Need requests not deemed urgent by
DA DCSOPS will be forwarded to TRADOC

for routine action.

Clearly, work on contemporary operational
issues impacts requirements determination.
Contemporary operational issues have the high-
est priority for already scarce resources and
divert attention away from future needs. More
importantly, contemporary operational issues
modify our current capabilities, affecting the
amount of change needed to achieve desired




Figure 1I-6. Contemporary
Operational Issues
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future operational capabilities. Our challenge s
to address the most critical issues with all pos-
sible means and speed but not become side-
tracked by unimportantspecial interest projects.

From Insights to
Requirements

Concept development, S&T technology devel-
opment, warfighting experimentation, and con-
temporary operationalissues provide DTLOMS
insights. The insights describe different means
to achieve future operational capabilities. Be-
fore they can be translated into requirements,

Figure II-7. From
Insights to
Requirements

the insights must be integrated and analyzed by
the concept proponent. The goal of thisanalysis
is to determine the most effective, timely, and
least costly means to achieve the future opera-
tional capability.

Doctrine insights pertaining to the future op-
erational capability, down to TTP levels, are
analyzed first. If doctrine changes provide the
operational capability, the TRADOC Com-
mander approves them and forwards them to
the operational force. (See Figure II-7.)

If doctrine insights do not provide the opera-
tional capability, the same steps are used to
analyzein order: training, leader development,

Capability
Assessment

MATERIEL el
-—DOCTRINE
Potential
DTLOMS
Solutions *
e R——

* Concept proponent analyses
capability insights against full spectrum
of potential DTLOMS requirements

* Considers cost as an independent
variable

* Recommends affordable mix of
DTLOMS requirements

TRADOC CDR
approves all
warfighting requirements
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organizational design, and, finally, materiel. This
review sequence results from the requirement
and solution development costs and timelines
of each domain. With cost as an independent
variable, the [east costly and most rapid changes
are considered first. Moreover, it reflects the
impact that changes made in one domain have
on the others. Changes made in domains at the
end of the list have a reverse “cascade” effect
generating changes in most of the preceding
domains.

Warfighting Requirements

Requirements occur in all of the Army do-
mains: doctrine, training, leader development,
materiel, organizations, and soldiers. The fol-
lowing are examples of how each domain docu-
ments requirements.

Doctrine requirements are changes or additions
to any of the Army’s fundamental principles
that guide operational forces. These principles
range from TTP to Field Manual 100-5, Opera-
tions. School training and doctrine directorates
are responsible for preparing doctrine require-
ments and forwarding them to HQ TRADOC
for approval. The TRADOC Deputy Chief of
Staff for Doctrine maintains a list of all doctrine
requirements in the Doctrine Literature Master
Plan (DLMP). The TRADOC Commander
prioritizes and resources the DLMP based on

overall TRADOC mission essential tasks. (See
Figure I1-8.)

Training and leader development requirements
are changes or additions to any of the Army’s
training or professional development programs.
These range from institutional training con-
ducted at TRADOC schools to individual self-
development and unit training programs
conducted in the field. School training and
doctrine directorates are also responsible for
preparing training requirements and forward-
ing them to HQ TRADOC for approval. The
TRADOC Deputy Chief of Staff for Training
(DCST) maintains a list of all TADSS require-
mentsin the Combined Arms Training Strategy
(CATS) The TRADOC Commander priori-
tizes and resources CATS based on the overall
TRADOC mission essential tasks.

Organization requirements are changes or ad-
ditions to any of the Army’s tables of organiza-
tion and equipment (TOE). These range from
modifying the numbers or types of equipment
in a current organization to documenting an
entirely new organization. School combat de-
velopment directorates and other combat de-
velopment organizations are responsible for
preparing organization requirements and then
forwarding them to HQ TRADOC for ap-
proval. The TRADOC DCSCD reviews, inte-
grates, and prioritizes organization requirements
and then forwards them to the Army DCSOPS

Figure I1-8. ] ]
Warfighting * Occur in all DTLOMS domains

Requirements * Determined holistically with cost as
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for final action. A list of approved TOE:s is
maintained in the Structure and Manpower Al-
location System (SAMAS) Army Master Force
(MFORCE) and are resourced based on overall

Army Force Package needs.

Materiel requirements are changes or additions
to any of the Army’s families of weapons, sup-
port systems, or TADSS. They range from
modernizing existing materiel through parts
replacement; major product improvements of
existing materiel; one for one replacement of
old materiel with new materiel designed to do
the same job; to completely new families of
materiel designed to do something that has not

the numbers of soldiers needed in a MOS to
creation of an entirely new MOS and identify-
ing the skills desired of these soldiers. Branch
proponency offices are responsible for prepar-
ing soldier requirements and forwarding them
to the TRADOC DCST. He in turn forwards
them to the Army Deputy Chief of Staff for
Personnel, who adds them to the Military Oc-
cupation Classification and Structure Plan and
resources them based on overall Army Force
Package needs.

All of these warfighting requirements relate to
each other in countless ways. They must not be
determined in isolation.

been done before. School combat development
directorates, training and doctrine directorates, | 8.
or other combat development organizationsare
responsible for preparing materiel require-
ments—operational requirements documents
(ORDs)—and then forwarding them to HQ
TRADOC for approval. The TRADOC
DCSCD or DCST, as appropriate, reviews,
integrates, and prioritizes ORDs and then for-
wards ORDsapproved by the TRADOC Com-
mander to the DCSOPS for final action by the
milestone decision authority. Approved ORDs
are added to the Catalog of Approved Require-
ments Documents (CARD) file and are
resourced based on the priorities established in
the Army Research, Developmentand Acquisi-
tion Plan.

Soldier requirements are changes or additions
to the Army’s military occupational specialty
(MOS) structure. These range from changes in

Managing Requirements
Determination

The requirements development process is only
as effective as the people who are involved with
the program. Integrated concept teams repre-
senting all elements of the Army, appropriate
jointand coalitionforces, industry,and academia
arethe principal meansto ensuretheright people
are involved. However, no organization can
afford to have its personnel away from normal
duties all the time. Managing the ICT process is
just as important as getting the right people
involved. (See Figure II-9.)

The ICT objectives must be clearly defined
with a reasonable amount of time allocated to
achieve them. Its approach should not be con-
strained in any way. Full use of the various

Figure II-9. Integrated
Concept Teams (ICT)

requirements
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electronic media is encouraged to include elec-
tronic mail, video teleconference, DIS, and
reconfigureable simulators.

the TRADOC community uses to evaluate the
current S&T work effort is Future Operational
Capabilities (FOC) statements.

The importance of this multidisciplinary ap- 1

proach to requirements determination cannot
be overstated. We must rid ourselves of overly
bureaucratic procedures that stifle creativity
and reduce responsiveness. Joined together in
ICTs, the representatives of otherwise dispar-
ate organizations provide the Army anunparal-
leled means to “see” the future. (See Figure
11-10.)

Science &
Technology
Integration With
Requirements

TRADOCsrolein the Army’s Science & Tech-
nology programis clearly defined. Asthe origi-
nator of warfighting requirementsfor the Army,
TRADOC uses three tools to help focus the
S&T communities' support the Army’s re-
quirements: the S&T review, the STO review,
and the ACT II program. Although separate
but concurrent, these tools help to focus the
Army’s S&T efforts to best meet the require-
ments TRADOC determines. The mechanism

Future Operational
Capabilities (FOC)

FOC:s are statements of an operational capabil-
ity required by the Army to achieve the ideas
articulated in the hierarchy of concepts (TP 525
series) and to maintain military dominance over
the operational environment in which it will be
required to operate. FOCs are employed in the
TRADOC Science & Technology (S&T) and
the Science & Technology Objective (STO)
Reviews as the measure for assessing the war-
fighting merits of individual science and tech-
nology efforts. FOCs guide the Army’s Science
& Technology investment. Materiel developers
and industry use FOCs as a reference to guide
independent research and developments and
facilitate horizontal technology integration
(HTI). FOCsare used within the Army Science
and Technology Master Plan (ASTMP) process
to provide a warfighting focus to technology
base funding.

TRADOC Pamphlet 525-66, Future Opera-
tional Capabilities, is the control mechanism
for requirements determination activities. It
compiles and summarizes the desired future
operational capabilities described in
TRADOC approved concepts. TP 525-66 will

Figure II-10.
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be the basis for conducting studies and war-
fighting experiments.

Science & Technology
(S&T) Review

TRADOC conducts an annual (December-
April) review of all Army 6.1, 6.2, and 6.3 S&T
work efforts. The purpose of the review is to
give the combat developer an opportunity to
review and assess the relevance of the S& T work
efforts to the warfighters’ concepts. It also
provides feedback to the materiel developers on
the relative merits of each S& T work effort. The
results from the S&T review will be used by the
combat developer to identify potential Science
and Technology Objectives (STO) candidates.
Italso providesinformation on perceived short-
falls and redundancies in the Army S&T work
efforts.

Science & Technology
Obijectives Review

TRADOC holds an annual Science and Tech-
nology Objectives (STO) Review. The STO
review provides the forum for the user and
developer communities to vote on the warfight-
ing and technical merit of each proposed STO.
The STO review provides the follow-on mecha-
nism to the S&T review that further defines and
aligns users requirements and the materiel de-
veloper efforts. The STO review will provide
one of the necessary links that connects the
complete S&T Cycle. The results of the STO
review is a 1 to n listing of the candidate STOs.

|

Advanced Technology
Demonstrations

STO review provides the basis for the construct
of Advanced Technology Demonstrations
(ATD). TRADOC participates in the Ad-
vanced Technology Demonstrations via Battle
Labsand Directorate of Combat Developments
(DCDs). TRADOC and the Materiel Devel-
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oper jointly develop a demonstration plan with
agreed upon exit criteria to execute the ATD.
ATD management plans are briefed to the Coun-
cil of Colonels prior to approval at the Army
Science and Technology Working Group
(ASTWG). ATDs are resource intensive and
provide the medium to conduct troop interac-
tion with mature technologies. ATDs have
provided significant contributions to the
soldier(s) on the battlefield. Battle Lab Integra-
tion, Technology, and Concepts Directorate
(BLITCD) serves as the primary coordinator
for all ATDs.

Advanced Concepts and
Technology Il (ACT II)
Program

The ACT II program was initiated in 1994 to
give industry directaccess into the battle labs to
streamline materiel acquisition and help pro-
vide warfighters overmatch capabilities. ACT
IT competitively funds industry to demonstrate
their advanced technologies, prototypes, and
non-developmental items having the greatest
potential to fulfill warfighting requirements.
Demonstrations are conducted for the battle
labs in 12 months or less.

The battle labs develop topics to be solicited via
aBAA based on the results of the S&T and STO
review processes. These reviewsidentified gaps
and shortfalls in the S&T efforts. Those FOCs
lacking Army S&T work efforts which can
potentially be addressed by industry are se-
lected for funding.

Summary

These concurrent evaluations of the Army’s
S&T efforts provide an overlapping assurance
that the materiel developers stay focused on the
warfighting requirements of the future. They
provide a means by which efforts can be vali-
dated or refocused, duplication can be elimi-
nated, and gaps can be filled.




Developing Army
XXI Requirements

Characteristics of Force XXI
Operations

Multidimensional

Force XXI will operate in an expanded
battlespace. This battlespace goes beyond the
traditional physical dimensions of width, depth,
and height. It includes portions of the electro-
magnetic spectrum. This extends beyond the
physical boundaries of the division through its
communications and digital connectivity to
other Army, Joint, and Coalition elements, even
reaching back to CONUS from the Theater of
Operations. Battlespace will also be defined by
the human dimension; this includes not only
soldiers and leaders, but also the civilian popu-
lation in which operations are being conducted,
citizens and families in the United States, and
the peoples of the world. Finally, time is a
dimension of battlespace that must be mastered.
This concept seeks to seize and exploit the
initiative to set the tempo of a battle, not just
acting faster than the enemy, but acting at that
speed which is best for execution of the friendly
plan. (See Figure II-11.)

Battlespace will generally beframed by METT-T
and largely shaped by corps or Joint Task Force
(JTF) operations. This shaping includes not
only the application of fires and combat power,
but also deception, PSYOPS, civil affairs, host
nation support, sustainment, intelligence, and
reinforcement of existing terrain and infrastruc-
ture.

Precise

Force XXI Operations are characterized by
synchronized attacks throughout the battlespace
on units and targets which have been subjected
to earlier, condition setting attacks to enhance
their vulnerability. Such decisive operations
require great precision. Precision in decisive
operations is enabled by three emerging capa-
bilities. First, digitization will provide soldiers
and leaders at each echelon the information
required for making informed decisions. Sec-
ond, a full suite of multi-spectral strategic, op-
erational, and tactical sensors linked to analytical
teams will fuse combat information into situ-
ational awareness across the battlespace with
greater clarity than ever before. Lastly, simula-
tions will enable Army elements to be tailored
based on emerging situation/crisis, plan opera-
tions based on METT-T, and wargame and
rehearse those operations yielding precision in
execution. (See Figure II-12.)

Precision in operations goes beyond precision
strike; itincludes every aspect of military opera-
tions from deployment through combat and

Figure II-11. Multi- Order of
Dimensional Battle
Battl
attlespace Organization
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Figure I1-12. Precision in
Operations
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redeployment or transition to other operations.
In force projection this means getting the right
force, effectively trained and rehearsed, to the
right place on time. In combat operations,

precision means precise maneuver, positioning
elements correctly in time and space, comple-
mented by precision systems and precision
munitions, and settmg conditions which mini-
mize the enemies’ ability to rapidly respond and
desynchromze our capabilities. Precision in d

force protection includes employing dynamic | =
obstacles synchronized in time and space which
create either protective or shaping effects; addi-
tionally air/missile defenses must be effectively
employed to counter each enemy capability
based on intelligence at each echelon. Precision
in sustainment includes proactive arming, fuel-
ing, fixing, and manning empowered by com-
mon situational awareness of requirements and
asset availability.

Non-Linear

Force XXI Operations are characterized by
non-linearity, executing tasks across the entire
battlespace rather than massing combat power
at the Forward Line of Troops (FLOT). Non-
linear operations do not seek a rigid organiza-
tion of the battlespace into close, deep, and rear
operations. Instead, the battlespace is fluid,
changing as METT-T changes through the du-
ration of mission preparation and execution.
Peacetime engagement, humanitarianassistance,
and peacekeeping missions are generally ex-
ecuted non-linearly, conforming to the physi-
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cal characteristics or infrastructure of the area
of operations or based on mission requirements.
Non-linearity requires soldiers and leaders to
possess greater situational awareness, allowing
risk to be accepted with space between units
rather than more traditional contiguous opera-
tions. Non-linearity also increases the require-
ment on each divisional element for all-around
security. (See Figure I1-13.)

Distributed

Employing our emerging capabilities, opera-
tionsand functions are executed throughout the
depth, width, and height of our battlespace.
These operations are distributed, that is, ex-
ecuted where and when required to achieve
decisive effects vice concentrated at a possibly
decisive point. Key to distributed operations is
the empowerment of soldiers and leaders to use
their initiative, willpower, and professional ex-
pertise to carry out critical tasks at all echelons.
(See Figure I1-14.)

Distribution enables Army elements to take
advantage of internetted communications avoid-
ing the tendency to use the chain of command as
the chain of information. Dispersion empow-
erssubordinates to operate independently within
the commander’s intent, leading to synergistic
effects that exceed synchronization by a cen-
tralized headquarters. Distributed operations
lead to agility, with greater flexibility to react to
multiple changes in the situation. There are
certain functions that are best executed cen-
trally, primarily managementof resources. Force
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XXI Operations seek to execute each function
using the best operational scheme. Through
experimentation and operational experience, it
appears the best approach is develop a central
intent and concept, conduct parallel planning
and coordination enabled by digitization, and
execute distributed operations to achieve the
objective.

Simultaneous

The concept of decentralized operations that
are multidimensional, precise, distributed, and
non-linear yields the capability to conduct
simultaneous operations across the battlespace.
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Simultaneous operations seize the initiative and
present the enemy leadership with multiple cri-
ses, but no effective response. Digitization
creates the ability to plan, coordinate, and ex-
ecute actions simultaneously. Each of these
actions creates an effect, the sum of which is
greater thanif they werediscrete and sequential.
Rather than a single concentrated attack, we
execute aseries of attacks (lethal and non-lethal)
as near-simultaneously as possible. (See Figure
11-15.)

For distributed operations to have a decisive
effect upon the adversary, they must be con-
ducted at a tempo and sequence that he cannot




Figure I1-15. Simultaneity
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endure. The principle of simultaneity of action
is paramount to the success of Decisive Opera-
tions. Commanders determine critical objec-
tives and the sequence of actions to overwhelm
the adversary’s combat and support structures
in a near-simultaneous manner to cause rapid
defeat or collapse. Upon indication of collapse,
highly mobile forces exploit by fires and ma-
neuver to gain control and dominate the con-
tested battlespace.

Integrated

Force XXI Operations are fully integrated with
Joint, multinational,and non governmental part-
ners. Recent experience has reminded us that
Army operations have never been and will never

beindependent. From initial receipt of mission,
through deployment, operations, and transi-
tion to follow-on operations Army elements
function as an integral part of a Joint Task
Force. That Joint Task Force is linked to Coa-
lition partners and usually operates in conjunc-
tion with one or more non-governmental
agencies such as the International Red Cross,
United Nations, etc. Integrated operations en-
able the Army to leverage the full suite of capa-
bilities the services bring to the battlespace.
Army helicopters operating from Navy aircraft
carriers during Operation Restore Democracy
and TMD warnings from SPACECOM are two
examples of fully integrated operations. (See
Figure I1-16.)
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Force XXI Patterns of
Operation

Project the Force

Force XXI will be a power projection Army.
No matter where future conflicts or military
operations take place a portion of the force will
have to deploy to the theater. But, projecting
the force is far more than deployment. Power
projection begins with receipt and analysis of
the mission. Force XXI’s modularity enables
rapid and effective tailoring of the force based
on METT-T. Concurrent with building the
force is mission planning and rehearsal. Auto-
mated systems and simulations provide the ca-
pability to plan, coordinate, and wargame,
leading to team building and training that re-
sults in effective execution immediately upon
arrival in theater. (See Figure II-17.)

Army forces will be prepared to deploy from
CONUS or from a forward station not in the
AOR. Firstcome early entry forces, either with
their equipment or marrying up with
prepositioned stocks. The prepositioning afloat
of brigade sets of equipment provides opera-
tional agility and rapid reaction in crisis situa-
tions. Forced entryforces (Airborne, airmobile,
SOF) may deploy straight into combat opera-
tions leveraging simultaneous, distributed op-
erations to dictate the tempo and manner of the

fight.

Figure I1-17. Project the Force

Deployment of the force directly into opera-
tions is paramount. Our Army can no longer
afford the deploy, stage, move to combat para-
digm. Enroute battle command will enable
adjustment of plans and execution of combat
operations during and immediately after de-
ployment. Streamlined logistics, characterized
by Total Asset Visibility and Split-Based opera-
tions, will supportearly operations upon arrival
in theater.

Projecting the force is absolutely a Joint, Inte-
grated operation. Joint not only in how we
deploy, but in how each service fights and sup-
ports while projecting the force. Additionally,
even while projecting the force, Army elements
are beginning to Gain Information Dominance,
Shape the Battlespace, and even conduct Deci-
sive Operations.

Protect the Force

The Force XXI approach to force protection
will be a holistic one, incorporating organiza-
tional, materiel, and procedural solutions to the
challenge of protecting soldiers and equipment.
Protect the Force solutions have been devel-
oped through both experimentation and practi-
cal experiencein contingency operations. Army
digital capabilities enhance these solutions acr:

DTLOMS.

Common situational awareness enables early
and accurate IPB. That IPB optimizes employ-
ment of security forces by signaling where a
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measures. Situational awareness also facilitates
greater dispersion, increasing enemy targeting
difficulties. Dispersion, elasticity, simultaneity
enhance deception. Deception inhibits enemy
prediction of friendly actions which not only
promotes decisive operations, but also protects
the force. Precision emplacement of dynamic
obstacles, getting the right obstacle in the right
place, in time will increase Army force lethality
and survivability simultaneously. (See Figure
11-18.)

From experimentation a scheme of protection
has emerged. This approach builds first on the
stealth approach—If you can’t be found you
can’t be hit. Traditional means such as camou-
flage and smoke are integrated with counter-
recon efforts such as using air defense elements
to defeat UAV sensor platforms. If detected,
Army elementsattemptto preventacquisition—
don’t give the enemy the chance to target you.
Agility, mobility, and operations in reduced
visibility prevent acquisition. If acquired, avert
a hit through techniques such as missile avoid-
ance drills. If hit, survive the hit through means
such as enhanced ballistic protection or
telemedicine.

A critical means of protecting the force is pre-
emptive attack. The TMD AWE has demon-
strated that improved sensors, shooters, and
linkages will enable defeat of enemy attacks
even before they occur. That AWE also con-
firmed that protecting the force is a mul-

dimensional, Joint endeavor, requiring coop-
eration and interoperability. Taken together,
Protect the Force efforts ensure sufficient com-
bat power remains available for combat and
other military operations while preserving the
lives of our soldiers.

Gain Information Dominance

A great deal of theoretical work has been done
with information over the past several years.
What Force XXI experimentation provides us
is practical experience in conduct of Informa-
tion Operations (I0). Dominating Informa-
tion Operations means creating a disparity
between what we know about our battlespace
and operations within it and what the enemy
knows. If the disparity is great enough our
soldiers and leaders at each echelon are making
informed decisions while the enemy is guessing
based on incomplete or erroneous information.
Our leaders are able to influence the battle,
while enemy leadership is isolated and power-
less. (See Figure I1-19.)

Even before a contingency arises, strategic IO
are being conducted around the globe. Once
the decision is made to commit military forces,
that strategic information is enhanced by the-
ater, joint, and coalition collection efforts. Early
in the projection of force, information is used to
tailor the force and plan campaigns and opera-
tions. Equally early in the campaign, the give
and take of information warfare commences as

Figure II-18. Protect the
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Figure II-19. Gain
Information Dominance
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opponents seek, through both offensive and
defensive measures, information dominance at
each echelon. The combative nature of IO
means that information dominance is neither
assured or continuous. This means that over
time U.S. Army forces may have to fight under
conditions of information parity or less. Even
when possessing information dominance, en-
emy forces may have niche capabilities that
overmatch some aspects of friendly operations.
But IO is not only information warfare. It
includes establishing and maintaining the means
of using information (communications nets,
digitized networks).

Army IO are conducted within the context of
Joint 10, including PSYOPS and Deception
campaigns, as well as media and global informa-
tion operations. Successful IO results not only
in eliminating enemy information capabilities,
but also provides greater clarity to battle com-
mand through improved situational awareness.
Mostimportantly, Gaining Information Domi-
nance is key to Shaping Battlespace for Decisive
Operations.

Shape the Battlespace

The purpose of shaping battlespace is to set the
conditions for friendly success in decisive op-
erations. Shaping battlespace is far more than
the traditional preparatory fires or deep battle.
Instead, we set conditions in terms not only of
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what we do to the enemy, but also of how we
posture the friendly force and take advantage of
the operational environment (terrain, weather,
and infrastructure). The overall goal is to elimi-
nate the enemy’s capability to fight in a coher-
entmanner before committing forces to decisive
operations. (See Figure I1-20.)

Shaping the battlespace begins with early, con-
tinuous, precise Intelligence Preparation of the
Battlespace (IPB). This enhances Jointas well as
Army fires, even during early entry operations.
IPB supports identification of the enemy main
effort and key enablers. Lethal and non-lethal
fires strike to eliminate enemy critical capabili-
ties while sensors locate and track the enemy
main effort. That main effortis fixed in timeand
space not by traditional blocking positions, but
rather through counter-mobility, friendly ma-
neuver,command and control warfare, and fires.
The battlespace is further shaped by dynamic
obstacles employed precisely in time and space
through enhanced situational awareness.
Economy of force operations, including civil
and public affairs, counter-intelligence, and
military police allow decisive operations to mass
effects against the enemy main effort.

Aswith information operations, friendly forces
cannot count on automatically shaping the
battlespaceasdesired. Instead, we seek to create
windows of advantage by setting conditions for
decisive operations, evaluating the results, then




Figure I1-20. Shape the CONCEPTS
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setting conditions for another decisive action.
These “windows of opportunity” must be
planned, coordinated, and established in time
and space for success. That success, either in
offense or defense, is achieved through Decisive
Operations.

Conduct Decisive Operations

Decisive Operations are just that—the military
operations that force the enemy to decide to
give in to our will. In combat operations,
decisiveness is measured in terms of victory in
campaigns, battles, or engagements. In other
military operations, it is measured in terms of
accomplishing the military objectives (free elec-
tions in Haiti or the absence of war in Bosnia are
examples). Within the pattern of operations,
decisive operations are the means of achieving
success. (See Figure I1-21.)

Decisive Operations require the precise inte-
gration and application of combat power and
combat multipliers throughout the enemy for-
mation in depth—and in all dimensions to
quickly defeat him. Concurrently striking the
enemy at multiple critical points in a specific
sequence, appearing to the enemy as a simulta-
neous action, will destroy his critical forces and
functions—bringing rapid defeat of his force as
a whole.

Decisive operations will be more Joint in na-
ture, as the land force commander draws from a
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suite of capabilities the services bring to the
battle. Due to the dynamic nature of crisis
situations, land-based tactical forces must an-
ticipate, plan, and prepare for decisive opera-
tions to provide the NCA or CINC an
instantaneous tactical option if required. This
requires setting conditions for decisive attack
even while other options are being employed.
The land force commander must integrate all
aspects of decisive operations, ensuring coher-
ency of intent and synergy in execution. The
end result of decisive operations is the destruc-
tion of the enemy’s means and will to fight.

Land combat in the early 21st Century will not
appear markedly different than today—the
tanks, howitzers, helicopters, and rifles used to
apply combat power will be the same or slightly
improved. What will be significantly different
will be how we plan, coordinate, and execute
the employment of those systems. Overmatch-
ing situational awareness, a product of digitiza-
tion, will yield more precise, effective, and
efficient maneuver and fires; as well as precision
employment of dynamic obstacles and other
combat multipliers. This will enable Army
elements to mass effects without the risk of
massing forces. Information dominance will
enhance tactical surprise, so that we fight when
and where we want, on our terms. The end
result of decisive operations is the destruction
of the enemy’s means and will to fight.




Figure II-21. Decisive CONCEPTS ENABLERS
rations * OVERMATCHING COMMON .
Operation SITUATIONAL AWARENESS BATTLE COMMAND ON THE MOVE
« MASS EFFECTS, NOT FORCES " INFO DOMINANCE
’ «LETHALITY . .. EXTENDED RANGES,
« ENHANCED TACTICAL SURPRISE PRECISION FIRES, MORE LETHAL : - -
* BRIEF, VIOLENT ATTACK; MUNITIONS
DISENGAGEMENT; REPEAT *MOBILITY, SPEED, AGILITY
ELSEWHERE * SENSOR-SHOOTER LINKS
s « SIMULTANEOUS APPLICATION
OF JOINT CAPABILITIES
Technologies
*SOLDIERS...NOT CYBER WARRIORS * SMART, PRECISION GUIDED MUNITIONS
*GBCS/TRAP/TIBS « REMOTE SENSORS / MUNITIONS
* APACHE--LONGBOW / COMANCHE < IMF/ WAM
* ATACMS / ER MLRS / CRUSADER / MSTAR *MULTI-ROLE, ADAPTABLE WEAPONS
*EFOG-M/LOSAT / M1A2/ M2A3 * COVERT COMM / SENSORS
*IMF/ WAM/ BREACHER *> PLATFORM/ SYS STOWED KILLS
*JAVELIN/ JAWS / AMS-H *C2ATTACK - C2 PROTECT
DESTROY THE ENEMY'S MEANS AND WILL TO
FIGHT...WITH MINIMUM FRIENDLY CASUALTIES
f. Key to Sustainment 1s anticipatory logistics,

Sustain the Force

Sustainment remains an ongoing effort through-
out the entire pattern of operations. Force XXI
Operations seek not only to seize the initiative
and dictate the tempo, but also to maintain that
tempo over time. That capability will only be
realized through improvedlogistics. Force XXI
Sustainment is a combined arms effort, using
solutions across DTLOMS, notjust the respon-
sibility of the logistician. (See Figure 11-22.)

enabled by digitization. The concept of Total
Asset Visibility (TAV), developed in AWEs
andrefined in operations in Somalia, Macedonia
and Haiti, increases the efficiency and timeli-
ness of logistics. Common situational aware-
ness and TAV taken together enable logisticians
to make informed decisions, allowing Army
elements to execute proactive vice reactive
logistics.
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Figure 1I-22. Sustain
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Army power projection must be accomplished |
through split-based operations. Deploying only
those logistical capabilities absolutely required
to the theater increases the agility of the force.
Integration of CSS automation systems within
the Army Battle Command System (ABCS) is
critical to execution of split-based operations.
That integration facilitates the flow of logistical
requirements and synchronization of support
activities, also enhancing throughput and in-
creasing the velocity of logistics support.

Flexibility and tailorability of the force is abso-
lutely critical in contingency operations. Modu-
lar structure of CSS elements means logistical
packages can rapidly be formed based on
METT-T. Modularity also allows a smooth
transition between combat and other military
operations, where support requirements will
change substantially.

Increasing the pace of logistical operations to
match that of maneuver is required if we are to
dominate tempo. The addition of battlefield
distribution, palletized load system, and im-
proved cargo handling technologies will signifi-
cantly alter the speed at which we execute service
support. Key also will be reinforcement of the
existing infrastructure within the battlespace.
Integration of materiel capabilities with opera-
tional and organizational innovations into an
overall Sustainment Concept will enable full
execution of Force XXI Operations.

3.

Current Status

Duringthelastfour years the Battle Lab process
has been validated through a succession of Ad-
vanced Warfighting Experiments and a related
series of “How to Fight” seminars and videos.
The concept, through its ever-evolving process,
has been continuously updated. The process
output can be seen in Force XXI.

Warfighting experiments, large and small, are
the keys to Force XXI Joint Venture success.
Now the Joint Venture provides the focus for
current and future warfighting experiments.
(See Figure 11-23.)

Six AWEs were approved for the Fall of 1994
through 1995. The first AWE was the Atlantic
Resolve REFORGER exercise in November
1994. It provided insights about linking dispa-
rate constructive, virtual, and livesimulationsin
a “synthetic theater of war” or STOW. The
second AWE was the Theater Missile Defense
experiment in April. It was a holistic explora-
tion of ways to integrate national, joint, and
Army capabilities into a cohesive tactical mis-
sile defense force that is able to counter poten-
tial adversaries during pre-attack, attack, and
post-attack operational phases. The third AWE
was the Mobile Strike Force (MSF) experiment
in the Prairie Warrior exercise in May. The
MSF explored future division-level organiza-
tional, materiel, and operational concepts that

Figure I1-23. Battle Labs...Defining the Future
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will influence the Force XXI division redesign
efforts. The fourth AWE, Focused Dispatch, is
a follow-on to the Desert Hammer VI AWE
conducted in April 1994. It evaluated the pro-
cesses and functions of digital connectivity
among fire support, intelligence, combat ser-
vice support, and battle command in a mounted
battalion task force. The final 1995 AWE was
the Warrior Focus experiment in November. It
established the baseline for digitization of dis-
mounted battalion task forces and continued
the exploration of dismounted “own the night”
issues. Finally, the Experimental Force
(EXFOR), which is both an AWE and the
means to conduct other warfighting experi-
ments, was started in March 1995.

Insights from the most recent AWEs are as
follows:

Theater Missile Defense

* Joint and Army Theater Missile Defense
Doctrine needs revision

e Force Structure is inadequate
o (C4Iland Passive defense needs the most work

* Defense of forward maneuver forces against
short range ballistic and cruise missiles is
deficient

Prairie Warrior 95

e Successtul Operational to Tactical level sen-
sor hand-off

* Wide-area ambush appears practical

* Potential of ground maneuver not realized

* Aviation C2 does not support combat/com-
bat support/combat service support mission

e Organization and functions of staffs
Focused Dispatch
* Potential for any sensor to any Fire Support

node

* Currentdigital systems too slow for effective
air defense early warning

¢ Comms pipe to pass info is insufficient

* Direction of individual Combat Service Sup-
port assets possible throughout the distribu-
tion process

e Execution done by voice

* Confidence in displayed info as “ground
truth”

Warrior Focus

Own-The-Night technology great success

e Connectivity issues remain but improving
High level of discovery learning
Technology forindividual soldier a challenge
The AWEs completed to date and the “How to

Fight” seminars have resulted in a better under-
standing of Force XXI.
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Where Do We Go From
Here?

The 4th Infantry Division (M) has been desig-
nated the Army’s experimental force for the
Brigade and Division experiments. In Phase I,
the EXFOR began paving the way to ARMY
XXT with their participation in Prairie Warrior
‘96. This exercise will be followed by the Bri-
gade experiment at the National Training Cen-
ter in Mar 97, and the Division Experiment in
Nov 97.

Phase IT will define the Corps organizational
changesand institutional Army changes needed
for ARMY XXI. This phase will conclude in
the 1998-99 time frame.

The third and final phase of the FORCE XXI
campaign plan will be the FORCE XXI deci-
sions being made the year 2000. (See Figure
11-24.)

Task Force XXI is a step along the path, fed by
NTC 94-07, and incorporating lessons learned
from ‘95 AWEs. The operational concepts will
be derived from TRADOC Pamphlet 525-5
and Force XXI division. Decisions will feed
further experiments, especially the Division X X1
AWE. The Brigade design will be refined and
experimented with again as a live brigade in
DIV XXI AWE from the EXFOR (Tank Bn,
Mech Bn, En Bn, AVN TF).

The primary objective of the Division AWE is
to validate the division design by using Syn-
thetic Theater of War (STOW) capabilities,
digitizing the Division headquarters, executing
Division-Brigade digitized C31 interfaces/con-
nectivity, and validating TTPs. This experi-
ment will execute operations
simultaneously—(1) BDE live, (1) BDE virtual,




Figure II-24. Advanced Warfighting Experiment Calendar
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and (1) BDE constructive to gain insights on
echelons above division (EAD)/Joint digitized
operations. The experiment will culminate with

a BCTP Warfighter in 1st QTR 98 (Nov 97).
The division AWE will examine:

* How to organize—combinations of combat,
combat support, and combat service support
units.
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* How to fight—Tactics, techniques, and pro-
cedures.

* How tocommand-—optimal processforeach
battlefield function and objective (expand
battlespace, continuous operations, non-
contiguous operations, and joint operations).
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CHAPTER 1l

Technology Transition

Technology is changing the way literally everything in the Department of Defense is being done. Andthe
faster we harness this technology in a way that the warfighter can use it, the more advantage we have over

adversaries that we might meet out in the future.

Dr. Anita K. Jones
Director of Defense Research and Engineering

Introduction and
Constraints

The ultimate goal of the Army’s Science and
Technology (S&T) program is to provide the
soldier with a winning edge on the battlefield.
The accelerating pace of technological change
will continue to offer significant opportunities
to enhance the survivability, lethality,
deployability, and versatility of Army forces.
High technology research and development s,
and will remain, a central feature of the Army’s
modernization strategy.

The purpose of this chapter is to show the
planned transition of promlslng technology de-
velopments into tomorrow’s operational capa-
bilities. This transition is accomplished by
demonstrations which evolve into the systems
and system upgrades incorporated in the Army
Modernization Plan (AMP).

Because the ASTMP is designed to be a funding
constrained document, inclusion of Systems/
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System Upgrades and demonstrations in Chap-
ter IIT was based on their inclusion in the
FY98-03 approved Army Program Objective
Memorandum (POM), the FY97 Defense Ap-
propriation, and the FY98-03 Budget Estimate
Submit (BES).

The inclusion of Advanced Concepts is based
on the existence of funded 6.3 technology dem-
onstrations in the POM and in the RDA Plan,
directed toward potential future systems. These
Advanced Concepts represent options that are
thought to be technologically achievable and
useful on afuture battlefield. Thereis, however,
no firm commitment by either the Department
of the Army or the user community to develop
or produce these specific Advanced Concepts.

Systems and system upgrades contained in this
chapter are also included in the approved Army
Modernization Plan.

Most of the roadmaps contained in this chapter
reflect only limited planned technology dem-
onstration activity beyond the year 2000, due to
the ever changing threat and the difficulty of
projecting realistic far-term funding.




Technology
Transition Strategy

Technology Transition

The basic strategy of the Army Science and
Technology Program is to transition technol-
ogy into operational systems to be prepared for
future conflict. Because of significant changes
in the world security environment over the past
several years, the Army is currently focusing on
building a smaller, power projection Army.
This "new" Army will capitalize on America's
technologies to improve critical areas of devel-
opment such as protecting the individual sol-
dier and improving battlefield mobility and
information management.

Key to this strategy are the Technology Dem-
onstrations (TDs), Advanced Technology Dem-
onstrations (ATDs), and Advanced Concept
Technology Demonstrations (ACTDs) that
exploit technologies derived from applied re-
search (6.2), which in turn build on new knowl-
edgederived frombasicresearch (6.1) programs.
These TDs, ATDs, and ACTDs provide the
basis for new systems, system upgrades, or
advanced concepts which are further out in
time. The critical challenge is to tie these pro-
grams together in an efficient and effective way.

Technology demonstrations are not new. What
is new is the scope and depth of the technology
demonstrations, the increased importance of
their role in the acquisition process, and the
increased emphasis on user involvement to per-
mitan early and meaningful evaluation of over-
all military capability. The following sections
provide an explanation of TDs, ATDs, and
ACTDs, as well as Systems/System Upgrades
and Advanced Concepts.

Technology Demonstrations

The primary focus of technology demonstra-
tions is to demonstrate the feasibility and prac-
ticality of a technology for solving specific
military deficiencies. They are incorporated
during the various stages of the 6.2 and 6.3
development process and encourage technical
competition. They are most often conducted in
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a non-operational (lab or field) environment.
These demonstrations provide information that
reduces uncertainties and subsequent engineer-
ing costs, while simultaneously providing valu-
able development and requirements data.

Advanced Technology
Demonstrations (ATDs)—Current

Within each Army Mission Area, specific ATDs
are being structured to meet established goals.
Detailed roadmaps to guide their progress are
being developed, as well as exit criteria to define
their goals. ATDs are risk reducing, integrated,

“proof of principle” demonstrations designed
to assist near-term system developments in sat-
isfying specific operational capability needs. The
ATD approach has been promoted by the De-
fenseScience Board and the Army Science Board
as a means of accelerating the introduction of
new technologiesinto operational systems. They
are principally funded with advanced technol-
ogy development (6.3) funds. ATDs facilitate
the integration of proposed technologies into
full system demonstration/validation (6.4) or
engineering and manufacturing development
(6.5) prototype systems. As such, they provide
thelink between the technology developer, pro-
gram manager, program executive officer, and

the Army user. The criteria for establishing an
ATD are:

* Execution at the system or major subsystem
level in an operational or simulated opera-
tional rather than a laboratory environment.

* Potential for new or enhanced military op-
erational capability or cost effectiveness.

¢ Duration of three to five years.

* Transition plan in place for known and/or
potential applications.

e Active participationby TRADOC Battle Lab
and user proponents (see Chapter IT).

* Participation by the developer (project
manager).

o Use of simulation to assess doctrine/tactical
payoffs.

* Exit criteria established with user interac-
tion/concurrence.

* Consist ent with the Army Technical Archi-
tecture.




The Army currently has 23 ATDs which have
been approved by the Army Science and
Technology Working Group (ASTWG). These
ATDs are identified in Table III-B-1, along
with the primary Army Mission Area each sup-
ports. All ATDs are discussed in the applicable
Chapter III section. More detailed information
including exit criteria for each ATD can be
found in Volume II, Annex B. Science and
Technology Objectives (STOs) for each ATD

are located in Volume II, Annex A.

Advanced Technology
Demonstrations (ATDs)—
Completed

Seven ATDs were successfully completed in
FY96. Table IIT-B-2 provides details on the

results of these ATDs, addressing the product,
warfighting capability, and transition of the
technology. Additionally,abrief description of
these ATDs follows:

Advanced Airdrop for Land Combat ATD
(93-96). This ATD demonstrated the Guided
Parafoil Air Delivery System (GPADS), an au-
tonomously guided, high altitude, offset air-
drop system for precision delivery of military
equipment, vehicles, and supplies. The GPADS
provides the warfighter with a new capability—
the ability to autonomously deliver payloads
weighing up to 21 tons accurately (within 100
meters of the target) and from high altitudes
(25,000 feet) and offset distances (12 miles).
This capability greatly increases both the sur-
vivability of the delivery aircraft and the accu-
racy of the delivery, thus increasing time to

Table III-B-1.

Current Advanced Technology Demonstration

ATDs

PRIMARY MISSION AREA/

CHAPTER Ill SECTION

FY93 Starts

Battlefield Combat Identification
Intelligent Minefield

Rotorcraft Pilot's Associate

FY94 Starts

Composite Armored Vehicle
Enhanced Fiber Optic Guided Missile
Hunter Sensor Suite

Precision Guided Mortar Munition
Total Distribution

FY95 Starts

Digital Battlefield Communications
Hit Avoidance

Guided MLRS

Objective Individual Combat Weapon
Target Acquisition

FY96 Starts

Direct Fire Lethality

Integrated Biodetection

Vehicular Mounted Mine Detector

FY97 Starts

Multispectral Countermeasures Aviation

Air/Land Enhanced Reconnaissance and | Aviation
Targeting

Battlespace Command and Control

FY98 Starts

Future Scout and Cavalry System
Mine Hunter Killer

Multi-Function Staring Sensor Suite
Indirect Precision Fire

Intelligence and Electronic Warfare (lli.F)
Engineer and Mine Warfare (I11.M)
Aviation (I11.D)

Mounted Forces (I1.G)

Close Combat Light

Close Combat Light } (H1.H)
Close Combat Light

Logistics (Il1.D)

Command, Control, Communications, and Computers (lII.E)
Mounted Forces (l11.G)

Fire Support (lil.N)

Soldier Systems (lIL.I)

Mounted Forces (l11.G)

Mounted Forces (111.G)
Nuclear, Biological, Chemical (l11.K)
Engineer and Mine Warfare (I11.M)

Command, Control, Communications, and Computers (lII.E)

Mounted Forces (I1.G)

Engineer and Mine Warfare (ill.M)
Mounted Forces (l11.G)

Fire Support (IIl.N)
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Table I11-B-2. Completed Advanced Technology Demonstrations

ATD

PRODUCT

WARFIGHTING CAPABILITY

TRANSITION

Advanced Airdrop for
Land Combat

Guided Parafoil Air Delivery
System (GPADS) — Medium (11K
Ib payload) and Heavy (34K Ib
payload); autonomously guided
airdrop systems each consisting
of a large parafoil integrated with
a GPS-based guidance, naviga-
tion, and control system

GPADS provides the warfighter
with the ability to deliver critical
supplies and equipment accu-
rately (100 meters from the
target) from high altitudes
(25,000 ft) and offset distances
(12 miles), enhancing the capa-
bility of the military to respond
to a broader spectrum of air
delivery missions

NASA will continue development
of GPADS technology. GPADS
is the proposed recovery system
for the Experimental Crew
Return Vehicle (X-CRV)

Advanced Image
Intensification

The next generation of night
vision goggles for aviation and
ground maneuver forces

Enhanced operational effective-
ness and safety

Increased field of view from 40
to 60 percent

Increased low light vision by
>25 percent

Integrated display of flight
symbology, Thermal Weapon
Sight, and computer graphics
Improved capability to fly and
fight at night

Force XXI Land Warrior
Dismounted Soldier (Land Warrior)
Aviation system applications
(SOF, cargo, utility, and current
Scout vehicle)

Combat Service Support Battle
Lab

Bistatic Radar for
Weapons Location

A 3-D bistatic radar system

— survivable and affordable

— able to detect and track small
targets with range/accuracy
consistent with current and
future requirements

A multibeam pulse chasing

receiver incorporating multiple

redundant synchronization

techniques

A modular transmitter with

remote expendable electronically

scanned antenna

A survivable radar for use
against anti-radiation missile
and other indirect fire threats
Real-time targeting capability
for force protection

Enhanced range and accuracy
modes

Reduced false alarm/location
rate

PM Firefinder for Firefinder P3I
Technology is applicable to
Theater Missile and other Air
Defense missions

Combined Arms
Command and Control

A digital C2 information sys-
tems architecture for shared
situation awareness, a common
battlefield view and horizontal
information exchange for Brigade
and below

Early Battlefield Digitization
concepts and definitions

A recognized and accepted
Systems Engineering process
Enhanced modeling and simula-
tion tools to support AWEs and
Force XXI

A C3 Systems architecture for
CAC2 and Force XXI
Recommendations for standard-
izing C3 protocols and message
sets

Provides real-time force syn-
chronization for combined arms
Definition of operational require-
ments for situation awareness,
target handover, information
flow, and message sets on the
battlefield

Seamless information flow

All ATD results will transition to

Battlespace C2 ATD

System Performance Model to:

- RFPIACTD

— PEO C3S (Applique)

— PEO C3S (NTDR)

~ Warrior Focus/Focused
Dispatch, Force XXI

HW/SW evaluation and digital

system architecture to PEO C3S,

PM Applique, and Force XXI

Radio simulation models to be

used in platform simulators,

AWEs, and STRICOM

I1I-B-3
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Table I1I-B-2. Completed Advanced Technology Demonstrations (Continued)

ATD

PRODUCT

WARFIGHTING CAPABILITY

TRANSITION

Crewman's Associate

* An advanced crew station
with enhanced displays
and controls, allowing the
crew to effectively utilize
the increased amount of
battlefield data available
and effectively interface
with other vehicles
through CAC2

Significant reductions in vehicle
silhouette and weight (2-man
crew station)

Integration of increasingly com-
plex advanced subsystems for
effective use by the warfighter
Reduction in soldier cognitive
and psychomotor overload
Reduced time to acquire, en-
gage, and kill a threat at long
distances

Improved operations on the
move and situational
awareness

Decreased task execution
timelines

Improved night operations and
CONOPs

¢ Future Scout and Cavalry
System ATD

* PEO Armored Systems
Modernization

Off-Route Smart Mine Clearance

Technologies and con-

cepts to neutralize

advanced off-route smart

mine systems

— acoustic, seismic, and
IR signature projection
techniques for mine
neutralization

— signature management
technologies to evade
and survive the launch
of a smart mine sublet
or warhead

Clearaway system for

obstacle breaching and

main supply route clearing

operations

Defeats off-route smart mines

— projects multispectral target
signatures to initiate

- misdirects mine munitions
towards false acoustic/IR
image

— evades smart mine muni-
tions through signature man-
agement technologies

- utilized tele-operation to
protect operator

Enhances overall mobility and

survivability for heavy and light

forces

¢ Joint Countermine ACTD

* Lead Fighter Countermine
BLE

e PEO Armored Systems
Modernization

Remote Sentry

A compact, lightweight,
integrated multisensor
system capable of being
implanted in forward areas
and behind enemy lines

to provide day/night, all
weather, unmanned sur-
veillance, and targeting
information

Extends Scout range and area
of surveillance
— capable of detecting human
targets at >1100m and
vehicle targets at >2200m
— transmits imagery over com-
bat net radio at a rate >1
frame/10 seconds
Increased forward Scout/
observer survivability through
battlefield awareness
Remotely controlled, inter-
operable sentries reduce field
of regard "blind spots"

« RFPIACTD
« PEO IEW (PM NVEO)
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operational readiness on the drop zone and the
likelihood of mission success. The new tech-
nologies leveraged included ultra-large ram-air
canopy designs, staged-reefing, and opening
techniques; automated guidance and control on
non-powered gliding accelerators; and auto-
mated soft landings.

Advanced Image Intensification (A12) ATD
(93-96). This ATD demonstrated the next gen-
eration of night vision goggles, which enhance
operational effectiveness/safety and reduce pi-
lotworkload. The AI2 ATD exploited technol-
ogy advanced in display and intensifier
technologies, image intensification, optics, and
human factors research. The results of this
ATD were to provide significantly increased
visual acuity and field of view, integrated sym-
bology, and improved user interface.

Bistatic Radar for Weapons Location ATD
(91-96). This ATD employed bistatic radar
(transmitter and receiver are physically sepa-
rated) techniques to detect and track mortars,
artillery, and rockets for the purpose of weap-
ons location and classification (for counterfire)
and fire registration (for battle damage assess-
ment). Bistatic radar provides significant ad-
vantages over conventional monostatic radars,
asindicated by the following: the covert passive
receiver is difficult to locate and/or jam, is im-
mune to Anti-Radiation Missile threat, and pro-
vides significantly enhanced crew survivability;
its superior size and weight distribution pro-
videsimproved mobility; high performance with
respectto target throughput, electronic counter-
countermeasures, multiple mode, and multiple
mission operation is more affordable; there are
more deployment options; and surveillance
volume can be better tailored to the non-linear

battlefield.

Combined Arms Command and Control
ATD (CAC2) (93-96). The CAC2 ATD devel-
oped and demonstrated C2 functionality and
shared situational awareness for brigade and
below, including Armor, Aviation, Mounted
Forces, and Fire Support. The ATD used a
series of simulations to establish operational
concepts. Initially, the focus was on the capa-
bility of the Bradley Fighting Vehicles, tanks,
and attack rotorcraft to share a common battle-
field picture. The ATD then expanded upon
Combat Vehicle C2/Intervehicular Informa-
tion System technology bringing in C2 contri-
butions and needs from other combined arms
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elements. Simulation, modeling, and rapid
prototyping of both the C2 functions and com-
munications requirements was then integrated
into Battlefield Distributed Simulation -Devel-
opmental (BDS-D) for user evaluation and evo-
lution. Subsequent simulations linked fire
support target reporting and handover, fol-
lowed by hotbench testing of the concepts. The
ATD concluded in FY96 with a field demon-
stration and a combined demonstration with

the Battlefield Combat Identification ATD.

Crewman’s Associate ATD (93-96). The
Crewman’s Associate ATD was a coordinated
programinvolving several AMC MSCs, labora-
tories, and PM Abrams which demonstrated,
through modeling and soldier-in-the-loop vir-
tual simulation, advanced crew station con-
cepts. The Crewman’s Associate provided the
embedded weapon system with a gateway to
the digital battlefield by developing crew sta-
tions with user-friendly interfaces, movement-
friendly input devices and automation.
Technologies included helmet-mounted dis-
plays, programmable display push-buttons,
three-dimensional audio, voice-activated con-
trols, and expert systems. The Crewman’s As-
soclate crew stations increase the warfighter’s
situational awareness and increase the ability to
operate and fight on the move. Crew stations
also enable soldiers to quickly understand and
easily react to the increased volume of data
available from the advanced sensors and digital
C2 system of Force XXI.

Off-Route Smart Mine Clearance (ORSMC)
(94-96). This ATD demonstrated countermeas-
ure techniques to neutralize off-route smart
mines and focused on defeating smart mines,
such as side attack. Advances in sensor and
digital signal processing technologies have re-
sulted in the development of a family of mines
capable ofidentifying and attacking targets from
ranges of several hundred meters. ORSMC
provides the capability to neutralize this threat
by using a remotely controlled vehicle to emu-
late the acoustic and seismic signatures of com-
batvehiclesand spoof the minesinto apremature
launch. A low observable suite for vehicle
protection against mines was also developed as
partof the ATD. ORSMC enhances the surviv-
ability of combat and logistical vehicles in situ-
ations ranging from breaching operations to
logistical resupply of heavy and light forces.




Remote Sentry ATD (93-96). This ATD dem-
onstrated a compact, lightweight, affordable,
integrated multisensor system capable of being
implanted behind enemy lines to provide day/
night, adverse weather, unmanned surveillance,
and targeting information. Data is transmitted
to friendly weapons platforms using smart data
compression techniques. The system provides
integrated, low cost imaging, which includes an
uncooled thermal imager and TV as well as
acoustic and other target cueing and position/
location sensors.

Advanced Concept Technology
Demonstrations (ACTDs)

The ACTD is an integrating effort to assemble
and demonstrate a significant, new military ca-
pability, based upon maturing advanced
technology(s), in a real-time operation at a scale
adequate to clearly establish operational utility
and system integrity. ACTDs are jointly spon-
sored and implemented by the operational user
and materiel development communities, with
approval and oversight guidance from the
Deputy Under Secretary of Defense for Ad-
vanced Technology (DUSD/AT).

The ACTD concept is a cornerstone in a pro-
curement strategy that relies on prototyping
and demonstration programs to maintain the
U.S. military technological edge in the face of
declining procurement budgets. ACTDs are a
more mature phase of the ATDs. They are two-
to four-year efforts in which new weapons and
technologies are developed, prototyped, and
then tested by the soldiers in the field for up to
two years before being procured. This 2-year
residual capability is a unique attribute of an

ACTD.

ACTDs are not new programs, but tend to be a
combination of previously identified ATDs,
TDs, or concepts already begun. They include
high level management and oversight to trans-
form disparate technology development efforts
conducted by the various military services into
prototype systems that can be tested and even-
tually fielded. The ACTD becomes thelast step
in determining whether the military needs and
can afford the new technology.

Manpower and Personnel
Integration (MANPRINT)
Program

MANPRINT is a comprehensive management
and technical program to improve total system
(soldier, equipment, and unit) performance by
focusing on soldier performance and reliability.
This is achieved by the continuous integration
of manpower, personnel, training, human engi-
neering, system safety, health hazards, and sol-
dier survivability considerations throughout the
materiel life cycle.

Throughoutthe design and development phases,
MANPRINT ensures that an emphasis on sol-
dier considerations is maintained as a high pri-
ority insystemdesign; and that system operation,
deployment/employment, and maintenance re-
quirements are matched with soldier capabili-
ties, training, and availability. The value added
of MANPRINT has been demonstrated in pro-
grams such as Comancheand Longbow Apache,
where application of MANPRINT has led to
51gn1f1cant cost avoidance and enhanced mis-
sion effectiveness. With MANPRINT, Army
systems will becomeincreasingly user-centered,
reliable, and maintainable, leading to significant
reductions in life-cycle costs and increased mis-
sion effectiveness.

a.
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Army Strategy for Systems,
System Upgrades, and
Advanced Concepts

Systems and System Upgrades

The development of the next set of systems
requires prior demonstration of the feasibility
of employing new technologies. New systems
are those next in line after the ones currently
fielded or in production. For these systems,
most technical barriers to the new capability
have been overcome. Generally, these systems
can enter engineering and manufacturing devel-
opment relatively quickly as a result of the
successful demonstration of enabling technolo-
gies. Based on current funding guidance, the
number of new systems is in a sharp decline.




Systems included in this chapter must have a
funded 6.4 or 6.5 development program and/or
production dollars in the POM/Army RDA
Plan.

In the absence of new systems, the Army is
pursuing incremental improvements to exist-
ing systems to maintain its technological edge
and capabilities. For the purposes of this plan,
these improvements have been designated as
“System Upgrades.” System upgrades are
brought about through technology insertion
programs, service life extension programs,
preplanned product improvement programs,
and block improvement programs. System up-
grades included here must have 2 6.4/6.5 fund-
ingwedge inthe POM/Army RDA Plan. These
upgrades are based primarily on the success of
funded 6.3 ATDs/TDs. The 6.3 ATDs/TDs
either are the basis for the system upgrade or
have a high probability of forming the basis for
the system upgrade. Descriptions of systems
and system upgrades may be found in the book
Weapon Systems, United States Army 1997.

Advanced Concepts

Advanced Concepts are systems concepts fur-
ther outin time. For these, significant technical
barriers remain, and questions of military worth,
including trade-offs within emerging doctrine
and force structure limits, are less clear. Ad-
vanced concepts help provide the focus for the
earlier stages of technology development
(6.1 and 6.2 programs) and outyear projected
6.3 demonstrations. In many cases they are
conceptual in nature, and actual system defini-
tions may change significantly by the time tech-
nologies and demonstrations are more fully
understood. Advanced concepts represent an
option that is thought to be technologically
achievable and useful on a future battlefield,
but without a prior commitment by either the
Department of the Army or the user commu-
nity for development or production. Inclusion
of advanced concepts in the ASTMP is based on
planned/funded 6.3 ATDs/TDs.
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Force Modernization
Planning

The purpose of an Army Modernization Plan
(AMP) is to formally state the Army’s plan for
force development and modernization and to
clearly articulate specific goals. The AMP is the
key planning document in providing long term
continuity within functional areas, while assist-
ing in program prioritization and integration of
the total Army force. The AMP is constrained
to available structure and programmed re-
sources. It provides the structure and guidance
necessary to integrate functional mission area
solutions in a constrained resource environ-
ment. It is responsive to changing external
factors such as emerging capabilities, funding
levels, force structure, technology break-
throughs or delays, and the National Military
Strategy. The current functional area annexes
to the AMP are listed in section C.1.

Low Intensity Conflict/
Operations Other Than
War

Due to the changing world situation, Low In-
tensity Conflict (LIC), and Operations Other
Than War (OOTW) (i.e., Humanitarian Assis-
tance, Peacekeeping Operatlons and Peace En-
forcement)are becoming increasingly important
areas that must be addressed by the develop-
ment community. This s reflected in the Com-
bat Maneuver Annex (Close Combat Light) to
the AMP. New technology is being used to
develop systems which support the LIC/
OOTW mission. Thisusually equatesin opera-
tional terms to equipment being lighter, smaller,
more mobile, and less detectable. In each sec-
tion of this chapter, where appropriate, ties to
the Close Combat Light mission area are noted.
Additional material is presented in Chapter III
inaseparate Close Combat Light section (I1I-H).




Chapter
Organization

Contents of Chapter Il

This chapter presents the transition of technol-
ogy into Systems/System Upgrades and Ad-
vanced Concepts (S/SU/ACs) 1n 14 sections
corresponding to the Annexes of the FY97 Army
Modernization Plan (AMP). Note that, because
the AMP has recently been restructured, there
is not a one-to-one correlation between the

Chapter III ASTMP sections and the AMP
Annexes. The ASTMP sections are as follows:
¢ Aviation

¢ Command, Control, Communications, and
Computers

¢ Intelligence and Electronic Warfare
¢ Mounted Forces

¢ Close Combat Light

e Soldier

e Combat Health Support

¢ Nuclear, Biological, and Chemical
o Air Defense

¢ Engineer and Mine Warfare

e Fire Support

Logistics

Training
® Space

Although AMP Annexes currently exist for
Force Structure, Information Mission Area,
Missile Defense, and Tactical Wheeled Vehicles,
there are no Army S&T-funded technology
demonstrations planned. Therefore, there 1s no
corresponding section for these Annexes in-

cluded in Chapter III.

Each section includes a crosswalk, by system,
showing the support to the applicable Modern-
ization Plan Annexes. Additionally, each ad-
dresses the questions of “Why?” and “How?”
The “Why?” part consists mainly of the discus-
sion of operational capabilities. The “How?”
part is addressed in the demonstration descrip-
tions and the roadmap chart. Each section is
built around the framework displayed in Figure
III-C-1 and contains the following information:

Introduction—A quick synopsis which presents
the theme and S&T efforts to be discussed in the
section.

Relationship to Operational Capabilities—This
section includes a table which ties S/SU/ACs to
the applicable Training and Doctrine Command
(TRADOC) Battlefield Dynamics and presents
the specific new system capabilities required
for each area. The function categories relate to
the TRADOC Battlefield Dynamics. Capa-
bilities were derived from TRADOC-defined

Figure III-C-1. Framework for Technology Transition Sections

@ @

®

Introduction

Section Relationship to Operational Capabilities N
———— | _S/SU/ACs to Battlefield Dynamics and [——>| Modernization

Systems Capability Table

Strategy

®

Roadmap ("Goes Into" Chart)
—Demonstration and System Summary

®

—Roadmap
—ATD Descriptions
—Technology Demonstration Descriptions

Relationship to Other Modernization Plan
Annexes
—8/SU/ACs Tie to Other Mod Plan
Annexes

NI-C-1




Operational Capability Requirements (OCR)/
Future Operational Capabilities (FOC) (see
Volume II, Annex C), AMP Annexes, system
descriptions, and other related documents.

Modernization Strategy—A brief synopsis of
the applicable modernization strategy is
provided.

Roadmap—The roadmap is a graphical mile-
stone representation of all the technology tran-
sition demonstrations which are covered in the
section. It shows approximate time frames and
associated systems for each demonstration. It
also captures the evolution to advanced con-
cepts. A summary table presents the systems
and demonstrations found in each roadmap.

The roadmap is the heart of each section. The
left hand side of the roadmap lists systems and
system upgrades; the demonstrations and tie-
ins are shown in the body of the map, and the
evolution to advanced concepts is on the right
side. (See the C4 Modernization roadmap, Fig-
ure III-E-1, for example.)

Following this, adescription of technology dem-
onstrations is provided. This includes a discus-
sion of the technologies being demonstrated in
terms of the capability to be provided. Some
demonstrations have applications to more than
one Modernization Plan Annex. In these cases,
the demonstration is described in the primary

section and referenced in the other applicable
section. Each demonstration description iden-
tifies the S/SU/ACs being supported.

Relationship to Other Modernization Plan An-
nexes—This section presents a matrix display-
ing systems, system upgrades, or advanced
concepts which are supported in, or contribute
to, other Army Modernization Plan Annexes.
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Relationship to Other
Chapters

Chapter III represents the implementation of
the Army’s S&T planning process necessary to
support the warfighting concepts discussed in
Chapter II. It addresses the application of
technologies, including emerging technologies,
which are discussed in more detail in Chapter
IV. Volume II, Annex A, provides the Science
and Technology Objectives (STOs) relative to
the ATDs and significant technology demon-
strations. Descriptive information on the Ad-
vanced Technology Demonstrations may be
found in Annex B, Volume II. In summary,
Chapter III describes how the Army’s S&T
program comes together to transfer technology
into systems that provide Army operational
capabilities.




Aviation

Comanche isthe centerpiece of the digital battle-
field.

Brigadier General Orlin L. Mullen (Ret.)

Introduction

Insupport of the Army's five strategic modern-
ization objectives, Army aviation showcases
the development of the RAH-66 Comanche
and AH-64 Apache Longbow helicopters. The
armed reconnaissance Comanche will be the
"centerpiece of the digital battlefield" and the
Apache Longbow will provide "all weather”
attack capability. Battlefield commanders will
quickly realize the advantages gained through
the instantaneous transfer of digital reconnais-
sance data to the airborne shooters and their
three-dimensional maneuverability/agility to
control the ever changing battlefield tempo. As
the threat proliferates and increases the prob-
ability of regional and third world conflicts, the
need for expanded aviation capabilities for
deployability, lethality, versatility, and
expansibility will continue to be ever critical.

Consistent with the Army Modernization Plan
(AMP), the Science and Technology (S&T) pro-
gram focuses on those projects which will be
vital to Army Aviation’s fulfillment of its future
military role. The Army Aviation S&T Pro-
gram will make major contributions to the
Army’s Battle Lab warfighting capabilities,
Force XXI, the nation’s rotorcraft industry,
and NASA’s rotorcraft programs. It is pos-
tured to support the potential for a Joint Trans-
portRotorcraft (JTR) which could meet military
and commercial needs.

Relationship to Operational
Capabilities

To meet the varied challenges of the 21st cen-
tury, Army Aviation envisions the family of
Systems/Systems Upgrades and Advanced Con-
cepts (S/SU/ACs) listed in Table ITI-D-1. This
table presents the correlation between the S/
SU/ACs and relevant TRADOC Battlefield
Dynamics. This large, diverse group of dynam-
icsillustrates aviation’s ability to supporta wide
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range of combat operations. Army Aviation is
an integral part of all Battlefield Dynamics.
Table III-D-1 also shows the projected S/SU/
ACs capabilities for the aviation functional
missions.

Army Aviation will continue to be versatile and
deployable. It will combine speed, mobility,
and fire power in the attack/reconnaissance and
assaultforces, while moving and sustaining com-
bat power at decisive points on the battlefield in
its cargo/utility helicopters. With the evolution
of Combined Arms Operations, Army Avia-
tion will be even more important in the faster
paced battles of the future.

Modernization Strategy

The Aviation Annex to the AMP provides a
blueprint for equipping our aviation forces well
into the next century with a modern, cost-
effective, warfighting fleet able to meet the chal-
lenges of low-, mid-,and high-intensity conflicts.
The AMP calls for the following major im-
provements:

e Upgrade existing systems: AH-64 Apache
Longbow modernization, UH-60Blackhawk,
and Improved Cargo Helicopter (ICH).

* Conductdevelopment: RAH-66 Comanche
(including Longbow).

e Conduct development, upgrade existing
systems, and sustain the numerous core
programs.

e Support advanced concepts: Enhanced AH-
64 Apache, Joint Transport Rotorcraft (JTR),
and Bird Dog.

Current and future threats to Army aircraft are
many and varied. The range of new and emerg-
ing technologies available to our adversaries
further increases the threat. Many such tech-
nologies are intended to improve the effective-
ness of air defense systems against low-flying
helicopters, while other technologies strive to
strengthen the protection of ground systems
from attack by air. Undoubtedly, these tech-
nologies will become available on the interna-
tional arms market, resulting in an even more
robust capability for our potential adversaries.
Our own warfighting concept and moderniza-
tion requirements are both predicated on the
need to counter known and emerging threats.




Table III-D-1. Aviation System Capabilities

S/SU/AC FUNCTION

| BATTLEFIELD DYNAMICS

SYSTEM/SYSTEM
UPGRADE CAPABILITIES

ADVANCED CONCEPT
CAPABILITIES

SCOUT/ATTACK

System
RAH-66 Comanche

System Upgrade

Day/night and adverse weather
Integrated cockpit for reduced
crew workload

Aided target recognition

— Second Gen FLIR

— EO/MMW radar

Advanced propulsion

Advanced maneuverability/ agility
Integrated flight/fire control

All weather NOE pilotage
Computer-aided low altitude flight
Advanced weapons

AH-64 Apache Longbow o(of@®@(@®@ O — Expert system/processor Automatic target acquisition
UH-60 Blackhawk o000 ®|O Antiarmor capability Mission planning and rehearsal
— Laser/RF Hellfire Advanced man-machine integration
Advanced Concepts L BN BN AN NEe Air-to-air capability — Situational awareness
Enhanced AH-64 Apache — Advanced fire control — Al/cognitive decision aiding
Bird Dog ®o(®| O|O — Stinger missiles * Precision navigation
~ High rate of fire cannon * B2C2 operational doctrine status
Area target capability * Secure comm-jam resistant
— Hydra 70 rockets ¢ Multimodal command under-
Low-cost precision-kill 2.75" standing
guided rockets (ATG/GTG) * NBC sensors and overpressure
Survivability « NBC/DE/ballistic protection
— Signature reduction ¢ Survivability/vulnerability
Advanced flight controls * Susceptibility — signature control
— Fly by wire/light « Diagnostics/prognostics/ embedded
Secure NOE Comm data training
transfer ¢ Fault tolerant/Al processing
Self deployable * Ground maintenance associate
Crashworthiness * Self deployable
Cockpit air bags » Crashworthiness
¢ Two-level/paperless maintenance
CARGO/UTILITY
Advanced Concepts
improved Cargo Helicopter o 0|00 { 4 * Range
Joint Transport Rotorcraft o000 L J — Advanced propulsion/airfoil
— Self deployable '

Lift (advanced transmission)

~ Maximize load carrying

— Minimum noise/vibration

Cargo handling

— Increased payload, internal/
external

— All weather/day/night,
reduced time

NOE sling load operations

— Precision nav/hover

— Active load stabilization

Man-machine integration

— Interactive displays/Al

Diagnostics/prognostics/ embedded

training

Reduced signatures

Forward arming and refueling

Ground maintenance associate

@ Provides Significant Capability

O Provides Some Capability

I1-D-2




Desert Shield/Storm not only demonstrated
Army Aviation’s current ability to support
Combined Arms Operations, butalso validated
the logic of the Army Aviation Modernization
Strategy. These successes, plus future threats,
justify our investments in the development of
the RAH-66 Comanche as a responsive and
timely evolution of aviation capabilities. The
Army Aviation S&T program of the 1980s paved
the way for these new systems, and the program
for the 1990s is capitalizing on its successes.
Fulfillment of our aviation modernization re-
quirements will result in the achievement of
strategic agility and power projection necessary
to deploy, fight, and sustain forces—to win
decisively with minimal casualties.

Roadmap for Army Aviation
Table III-D-2 presents a summary S/SU/ACs

and demonstrations in the Army Aviation
S&T program that support the AMP. The
roadmap for Aviation (Figure III-D-1) por-
trays the Army's use of Technology Demon-
strations (TDs) and Advanced Technology
Demonstrations (ATDs) to support the devel-
opment of its future aviation systems, and dual
use technology for the nation’s rotorcraft in-
dustry. The aviation S/SU/ACs are shown at
the top of the figure. The lower half of the
figure shows the substantial block of aviation
technology demonstrations that support the

Table III-D-2. Aviation Demonstration and System Summary

ATDs

» Rotorcraft Pilot's Associate (RPA)

* Battlefield Combat ID (BCID) (see IEW)

* Air/lLand Reconnaissance and Targeting
(ALERT)

¢ Multispectral Countermeasures (MSCM)

Mission Equipment

* Advanced Helicopter Pilotage (AHP)

¢ [2/FLIR Fusion Pilotage

* Integrated Situational Awareness and Countermeasures (ISACM)
* Future Missile Technology Integration (FMTT)
 Survivability/Lethality Advanced Integration in Rotorcraft (SLAIR)
¢ Low Cost Precision Kill (LCPK) ATG/GTG 2.75" Guided Rocket
¢ Low Cost Precision Kill - Airborne

» Advanced Weapons Integration Program (AWIP)

» Rotorcraft Air Combat Enhancement (RACE)

* Full Spectrum Threat Protection

* Covert NOE Pilotage System

* 4th Generation Crew Station

« Brilliant Helicopter Advanced Weapons (BHAW)

» Subsystems Technology for IR Reductions (STIRR)
Advanced Platforms

« Advanced Rotorcraft Transmission (ART-1I)

* Helicopter Active Control Technology (HACT)

* 3rd Generation Advanced Rotors Demonstration (3rd GARD)

« Survivable, Affordable, Repairable Aircraft Program (SARAP)

* Aircraft Systems Self-Healing (ASSH)

* Multirole Mission Adaptable Air Vehicle (MRMAAV)

» Structural Crash Dynamics M&S (SCDMS)

* Rotary Wing Structures Technology (RWST)

TECHNOLOGY DEMONSTRATIONS

(See Volume Il, Annex B, for additional information.)

* Advanced Rotorcraft Aeromechanics Technologies (ARCAT)

Propulsion

* Integrated High Performance Turbine Engine Technology (IHPTET)
Joint Turbine Advanced Gas Generator (JTAGG)

* Alternate Propulsion Sources

Logistics/Maintenance

 Survivable, Affordable, Repairable Airframe Program (SARAP)

« On-Board Integrated Diagnostics Systems (OBIDS)

* Subsystems Technology for Affordability and Supportability (STAS})

System
* RAH-66 Comanche

System Upgrade
* AH-64 Apache Longbow
* UH-60 Blackhawk

AIRCRAFT SYSTEMS/ SYSTEM UPGRADES/ADVANCED CONCEPTS

Advanced Concepts

¢ Enhanced AH-64 Apache

¢ Improved Cargo Helicopter (ICH)
¢ Joint Transport Rotorcraft (JTR)

HI-D-3




Figure ITI-D-1. Roadmap for Army Aviation
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S/SU/ACs and provide the opportunity for
technology upgrades of fielded systems. These
demonstrations are designed to establish a
“proof-of-principle,” 1.e., to serve as a test bed,
validate feasibility, and reduce cost and risk for
entering engineering and manufacturing devel-
opment(EMD). Theroadmap shows two “tech-
nology insertion windows” which offer
opportunities for technology application to air-
craft S/SU/ACs. Technology insertions which
may occur through modification programs for
fielded systems, such as AH-64 Apache, UH-60
Blackhawk, CH-47 Chinook, OH-58D Kiowa
Warrior, and SOA, are not shown.

The following subsections provide descriptions
of the Aviation demonstrations categorized on
the roadmap as Mission Equipment, Advanced
Platforms, Propulsion, and Logistics/
Maintenance.

Mission Equipment

Rotorcraft Pilot’s Associate (RPA) Advanced
Technology Demonstration (ATD) (93- 99)

The primary thrust of the Aviation S&T mis-
sion equipment area is the RPA ATD. The
objective of this program is to establish revolu-
tionary improvements in combat helicopter
mission effectiveness through theapplication of
artificial intelligence for cognitive decision aid-
ing and the integration of advanced pilotage
sensors, target acquisition, armament and fire
control, communications, cockpit controls and
displays, navigation, surv1vab1hty, and flight
control technologies. Next generation mission
equipment technologies will be integrated with
high speed data fusion processing and cognitive
decision aiding expert systems to achieve maxi-
mum effectiveness and survivability for our
combat helicopter forces.

This increased system effectiveness will enable
Army Aviation to be more responsive to battle
commanders at all levels. RPA will expand
aviation’s freedom of operation, improve re-
sponse time for quick reaction and mission
redirect events, increase the precision strike
capability for high value/short dwell-time tar-
gets, and increase day/night, all weather opera-
tional capability. RPA will contribute greatly
to the pilot’s ability to “see and assimilate the
battlefield” in all conditions; to rapidly collect,
synthesize, and disseminate battlefield infor-
mation; and to take immediate and effective
actions. These developments will enable the full
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use of the crew’s perceptual, judgmental, and
creative skills to capitalize on their own strengths
and to exploit the adversary’s weaknesses.

The Defense Simulation Internet (DSI), through
the Army’s Battlefield Distributed Simulation—
Developmental (BDS-D) program capabilities,
will be utilized in the RPA program to perform
Measures of Performance (MOPs) validation.
The RPA ATD willachieve the following quan-
titative MOPs relative to Comanche-like per-
formance during 24-hour, all weather battlefield
conditions: 30 to 60 percent reduction in mis-
sion losses, 50 to 150 percent increase in targets
destroyed, and a 20 to 30 percent reduction in
mission timelines. Flight test experiments con-
ducted during the RPA program will provide a
measure of simulation validation, evaluate the
impact of real world stimulus, and provide the
confidence that technologies are ready to tran-
sition into systems, system upgrades, and ad-
vanced concepts. Supports: Comanche,
Apache, SOA, Army Airborne Command and
Control System (A2C2S), dual use potential.

Advanced Helicopter Pilotage (AHP) Tech-
nology Demonstration (94-98). The Advanced
Helicopter Pilotage technology demonstration
supports the RPA ATD. The AHP TD will
develop and demonstrate a night/adverse
weather pilotage system to visually couple the
pilot to the terrain flight environment using
advanced thermal and image intensifier sensors
and avery-wide-field-of-view, helmet-mounted
display. The AHP display system will provide
currentand future Army aircraft with increased
safety and situational awareness, reduced pilot
cognitive workload, increased mission launch
rates, and enhanced terrain flight operations.
Supports: RPA ATD, Comanche, Apache,and
SOA.

Battlefield Combat Identification (BCID)
ATD (93-98). This ATD will demonstrate
target ID techniques together with situational
awareness information which will prevent frat-
ricide during ground-to-ground and air-to-
ground engagements. Itis discussed in detail in
TEW, Section F. Supports: Scout and Attack
Aircraft, ACT/JTR, ICH.

Multispectral Countermeasures (MSCM)
ATD (97-99). The purpose of the Multispectral
Countermeasures ATD is to develop prototype
hardware for an advanced technology, low cost
coherent jammer to protect Army helicopters
from imaging infrared surface-to-air missiles.




The integration of a missile detector, high accu-
racy point/track subsystem, and an IR laser
withfiber-optic coupling and advanced expend-
ables will be demonstrated. A multi-line or
wavelength agile source will be used to improve
its effectiveness against missiles with counter-
countermeasures and to develop a capability
againstinfrared imaging seekers. Supports: All
fielded aircraft and ICH.

Integrated Situational Awareness and Coun-
termeasures (ISACM) Technology Demon-
stration (00-02). This TD will demonstrate
integrated RF/IR/IO Laser Electronic Combat
Suite for situational awareness, targeting, and
protection against multispectral missiles and
smart munitions. Geolocate emitters 1 percent
of range, 98 percent of effectiveness vs. ad-
vanced SAMs and ATG. Supports: ICH.

Air/Land Enhanced Reconnaissanceand Tar-
geting (ALERT) ATD (97-00). The purpose of
this ATD is to demonstrate automatic target
acquisition and enhanced target identification
viaa2nd generation FLIR/Multifunction Laser
Sensor suite for rapid wide area surveillance and
targeting. ALERT will leverage ongoing Air
Force and DARPA developments for search
on-the-move Aided Target Recognition. Sec-
ond Generation FLIR and multifunction laser
data will be fused to allow large search areas to
be covered with high targeting accuracy while
at low depression angles and high platform
motion. Range profiling of the highest priority
targets will provide target identification. Sup-
ports: Comanche and Apache Improvements.

I2/FLIR Fusion Pilotage Technology Dem-
onstration (00-03). This TD will demonstrate
image fusion upgrades to the baseline Comanche
dual spectrum (I2/IR) pilotage system to in-
crease mission effectiveness and survivability
for future high performance rotorcraft. Knowl-
edge-based image fusion algorithms will sig-
nificantly enhance image resolution and will
supportconcurrentdemonstration of aided nap-
of-the-earth pilotage technology. Supports:
Future Comanche/Apache Upgrades.

Future Missile Technology Integration
(FMTI) Technology Demonstration (94-98).
FMTITD will demonstrate the integration ona
rotorcraft of a lightweight, fire-and-forget,
multi-role missile system for air-to-air and air-
to-ground engagements. It includes the inte-
gration of command guidance, control,
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propulsion, airframe, and warhead technolo-
gies capable of performmg in high clutter/
obscurants, adverse weather environments, and
under countermeasure conditions. Missile con-
trol and guidance system technology will ex-
plore capabilities suchaslock-onbefore/lock-on
after launch, fire-and-forget, command guid-
ance, signal and image processing, and wide
band secure data links. Demonstrated missile
system performance (i.e., weight, range, kill
ratio, speed, lethality) will be optimized to ex-
ceed current baseline parameters of air-to-air
Stinger, air-to-ground Hellfire, ground-to-
ground Tube-Launched, Optically Tracked,
Wire Command-Link Guided (TOW), and
ground-to-air Stinger. Supports: HMMWYV,
M2 Bradley, follow-on to TOW, Block II
Stinger, Hellfire I1I, EFOGM.

Survivability/Lethality Advanced Integration
in Rotorcraft (SLAIR) Technology Demon-
stration (00-04). The SLAIR TD will integrate,
simulate, and flight demonstrate the next gen-
eration mission equipment technologies neces-
sary for attack and scout helicopters to fight
effectively and survive in Force XXI. Candi-
date technologies under development by many
RDECs include advanced weapon technology
(lelthal and non-lethal), automatic target acqui-
sition/combatidentification, advanced fire con-
trol, survivability, C3, and the next generation
of cognitive decision aiding beyond the RPA.
The SLAIR TD will synergistically demon-
strate the capabilities of combat versatility,
tailorable kill levels, reduced engagement
timelines, increased survivability, and reduced
fratricide. Supports: AH-64D Apache
Longbow Modernization, RAH-66 Comanche,
potential improvement to Marine AH-1W Su-
per Cobra, dual-use potential (non-lethal).

Low Cost Precision Kill (LCPK) Air-to-
Ground, Ground-to-Ground (ATG/GTG)
2.75-inch Guided Rocket Technology Dem-
onstration (96-98). The LCPK ATG/GTG
2.75-inch Guided Rocket TD seeks to demon-
strate, through hardware in the loop (HITL)
simulation, a low-cost, standoff range, preci-
sion guidance and control package for the 2.75-
inchrocket. Incurrent operations, large numbers
of unguided 2.75-inch rockets would be re-
quired to achieve high probability of kill against
point and non-heavy targets at standoff ranges,
resulting in unacceptable collateral damage and
creating a significant logistics burden. With the




addition of aretrofit guidanceand control pack-
age, accuracy comparable to current guided
munitions can be obtained. This greatly im-
proved accuracy will reduce the number of
rockets required to defeat non-heavy armor
point targets by up to 2 orders of magnitude,
thereby providing a 4:1 increase in stowed kills
atone-third the cost compared to current guided
missiles. Supports: 2.75-inch Rocket System,
Future Missile Systems, AH-64 Apache, OH-
58D Kiowa Warrior, SOF Avenger, Bradley
Fighting Vehicle, HWMMV, AWIP TD.

Low Cost Precision Kill (LCPK) Airborne
Technology Demonstration (99-01). The
LCPK Airborne TD will flight demonstrate the
helicopter integration of the LCPK 2.75-inch
guided rocket. The LCPK technology, devel-
oped to meet the objectives of the LCPK STO,
will be evaluated from a helicopter system per-
spective to assure aircraft compatibility and
performance effectiveness. Supports: AH-64
Apache Longbow Modernization, RAH-66
Comanche, and OH-58D Kiowa Warrior.

Brilliant Helicopter Advanced Weapons
(BHAW) TD (06-10). The BHAW TD will
integrate and demonstrate, through simulation
and ground/flight test, future combined arms
interoperable advanced aviation weapons, tar-
get acquisition and fire control technologies,
and aviation platforms and will quantify result-
ing increases in aviation mission effectiveness.
Full spectrum lethality will be demonstrated
from "less than lethal" tailorable up to conven-
tional lethal kill mechanisms. Technology can-

didates for the BHAW TD include:

* Low cost precision kill weapons with low
collateral damage, including brilliant
missile technology with immunity to
countermeasures.

¢ Innovative "lessthanlethal" kill mechanisms,
such as directed energy techniques, that im-
mobilize or disrupt personnel, vehicles, or
other equipment.

¢ Advanced auto cannon technologles e.g.
cased-telescoped, bursting munitions, elec-
trochemical and electromagnetic propulsion,
electrostatic proximity fuses, closed-loop fire
control.

¢ Automatictargetacquisition, recognition, and
covert ID using multi-data/sensor fusion of
advanced on- and off-board distributed tar-
get acquisition concepts.
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* Intelligent fire and flight control, 360-degree
aircraft aspect that provides quick reaction
precision kill with tailorable lethality level
and selectable automatic engagement feature.

Supports: Comanche and Apache.

Rotorcraft Air Combat Enhancement
(RACE) Technology Demonstration (00-04).
The probability is increasing that Army heli-
copters will encounter airborne threats in fu-
ture conflicts. There is a need to develop an
air-to-air capability for Army aviation to defeat
the threat and protect itself and friendly forces.
The RACE TD will develop, integrate, and
airborne demonstrate the technologies neces-
sary for the Army's existing and future helicop-
ters to meet the need. Technology candidates
include improvements to gun, rockets/missiles,
target acquisition and fire control systems, and
other aircraft system technology necessary to
achieve an air-to-air system solution. Sup-
ports: AH-64D Apache Longbow Moderniza-
tion and RAH-66 Comanche.

Full Spectrum Threat Protection Technol-
ogy Demonstration (02-05). This TD demon-
strates balanced integration of rotorcraft
survivability for the most effective combina-
tions of active countermeasures and suscepti-
bility reduction features for full spectrum, 1.e.,
radar, acoustics, infrared, and visual. It will
demonstrate survivability against advanced
threat sensors and smart weapons and muni-
tions. The survivability codes will be validated
and verified by installing equipment on aircraft
with known signature and flight testing against
various threats. Enhanced survivability and
system performance features for aircraft, to in-
clude S/SU/ACs and UAVs, tailored for spe-
cific warfighting situations by minimizing
weight and aerodynamic impact while main-
taining low observable cross section, minimiz-
ing threat detection of active countermeasures,
increasing jammer effectiveness, optimizing
mission routes and tactics, and reducmg pro-
duction costs. Supports: TRADOC Battle
Labs, Force XXI, Project Reliance, and Mului-
Service applications.

Covert Nap-of-the-Earth (NOE) Pilotage
System Technology Demonstration (02-05).
This TD will demonstrate an advanced, effec-
tive, and highly integrated rotorcraft pilotage
system to operate covertly NOE and
unobstrusively in urban areas with increased




survival in hazardous flight environments or
emergency situations with reduced crew
workload during day, night, and adverse
weather. Reduced crew workload, aided preci-
sion flight path control, and increased safety
will enable crew members to focus on mission
level functions while maintaining full vehicle
and flight path control. The TD will demon-
strate a comprehensive air vehicle management
systemfor pilotage; alarge-scale integrated mis-
sion equipment suite; automated protection
from obstacles, terrain, and other inflight
hazards; and increase capabﬂity for rotorcraft
operations avoiding and using obstacles, ter-
rain and threats for military operations; and
increased safety for military and commercial
rotorcraft operating in hazardous flight envi-
ronments. Supports: JTR, ICH, Enhanced
Apache, far-term manned and unmanned
rotorcraft.

4th Generation Crew Station Technology
Demonstration (04-07). This TD will demon-
strate the next generation of air vehicle crew
station architecture. The effort will develop/
incorporate advanced displaysforfull glass cock-
pit/crew station; three-dimensional display tech-
nology; selectable touch, cyclic grip cursor, or
pupil tracked cursor information access capa-
bility; rapid pilot-reconfigurable information
layout on displays; automated artificial intelli-
gence (Al) “Advisor” aiding; intelligent, adap-
tive interfaces; advanced selectable
“windowless” cockpitsynthetic vision systems;
advanced information display symbology; and
advanced flight control designs. Displays, Al,
and crew station technology from Air Force,
Navy, and NASA programs will be incorpo-
rated into system design. The TD will demon-
strate: increased pilot performance and overall
mission and reduced pilot susceptibility to in-
jury by laser, directed energy, or other sources
in hostile electromagnetic environments. Sup-
ports: JTR, ICH, Enhanced Apache,
MRMAAYV TD, and advanced ground vehicle

crew stations.

Subsystems Technology for Infrared Reduc-
tions (STIRR) (97-01). The focus of STIRR is
IR technology development, integration, and
demonstration to improve the survivability of
Army rotary-wing vehicles. The primary goal
of increased survivability will be addressed via
aggressive efforts to synergistically reduce the
thermal emissions from helicopter airframes
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while developing and improving systems de-
signed to cool plume and engine contributors.
STIRR will achieve development of advanced,
multi-spectral (visual through far-IR) airframe
coatings that are compatible with radar absorb-
ing materials/structures and development of
state-of-the-art, low cost, lightweight thermal
insulative materials. STIRR will support vali-
dation of advanced computational aero/thermo
M&S tools which will be used to develop inno-
vative engine IR suppression techniques. Addi-
tional quantifiable payoffs of passive signature
reduction are direct improvements in active
countermeasures performance through in-
creased J/S ratios and improved decoy effec-
tiveness. Supports: Current and future
rotary-wing system upgrades, JTR, Comanche,
USAF, USN, and USMC vertical life air ve-
hicles, AH-64, UH-60, RAH-66 upgrades, ICH,
other Services fleets.

Advanced Platforms

Advanced Rotorcraft Transmission (ART) I1
Technology Demonstration (97-00). The ART
TD incorporates key emerging material and
component technologies for advanced rotor-
craft transmissions and makes a quantum jump
in the state of the art. The ART-II TD will
survey the applicable ART-I (completed in
FY92) component technologies and proposed
concepts and will integrate the more promising
onesinto selected transmission/drive subsystem
demonstrators. Advanced concepts such as
split torque, split path, and single planetary
transmissions will be considered with advanced
material applications/component designs to
demonstrate lighter, quieter, threat tolerant,
more durable, reliable, and efficient drivetrain
subsystems. Supports: JTR, ICH, Apache,
dual use potential.

Helicopter Active Control Technology
(HACT) Technology Demonstration (98-02).
The HACT TD will demonstrate a second gen-
eration fly-by-light technology and integration
of flight control and mission functions into a
Vehicle ManagementSystem (VMS). Advanced
processing for fault-tolerant systems, individual
blade/higher harmonic control, smartactuation
concepts will be considered. It will demon-
strate high bandwidth active control technolo-
gies, multimode stabilization, and carefree
maneuvering and robust control law design




methodologies for affordable high performance
helicopter control systems.

The HACT will provide enhanced mission ef-
fectiveness during night adverse weather, in-
creased confined or terminal area operations
capability, reduced workload, and improved
crew endurance. It will maximize ability of the
flight crew to exploit inherent vehicle perfor-
mance, maintain safety and reliability while
improving affordability and O&S costs, sim-
plify maintenance, and reduce fleet attrition.

Supports: Comanche, Apache, JTR, ICH.

3rd Generation Advanced Rotor Demonstra-
tion (3rd GARD) Technology Demonstra-
tion (01-04). The 3rd GARD TD will
demonstrate advanced rotors/concepts to en-
hance current performance ceilings through high
lift airfoils/devices, tailored planforms and tip
shapes, elastic/dynamic tailoring methods, ac-
tive on-blade control methods, acoustic signa-
ture reduction techniques and integration of
advanced rotors/concepts with advanced active
control systems. 3rd GARD technology will
provide for increased survivability via reduced
acoustic signature and increased maneuverabil-
ity/agility, increased rotorcraft speed capabil-
ity, increased range and payload, reduced O&S
costviareduced vibration and loads. Supports:
Far-term Advanced Rotorcraft Concepts.

Aircraft System Self-Healing (ASSH) Tech-
nology Demonstration (05-07). The ASSH
TD will demonstrate a self-healing flight con-
trol system for rotorcraft that automaticaly
reconfigures remaining air vehicle lift, control,
and applicable mission equipmentassets to com-
pensate for the degradation of vehicle control
when damaged by battle, obstacle strike, or
premature subsystem or componentfailure, and
will advise the crew for appropriate action. The
TD will demonstrate robust fault detection and
identification of critical failures through onboard
expert system diagnostics, compensation strat-
egies for damaged aircraft subsystems, and smart
flight control component technology. ASSH
technology improves the survivability of crew
and aircraft by providing a return-home capa-
bility for damaged aircraft, reduced aircraft
losses, increased operational flexibility, pro-
ductivity during all mission phases, and mobil-
ity of damaged assets. Supports: Far-term
advanced concepts.
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Multirole Mission Adaptable Air Vehicle
(MRMAAYV) Technology Demonstration
(08-11). The MRMAAV TD will demonstrate
the feasibility of using a common airframe
and power plant(s) to conduct multiple differ-
ent primary missionroles with the same aircraft
with minimal impact on equipmentinterchanges
(e.g.,avionics, weapons, survivability packages).
Common dynamics and aeromechanics com-
ponents would be incorporated to support de-
velopment of manned and unmanned systems.
The MRMAAV concept offers battlefield com-
manders unprecedented mission flexibility to
reconfigure aircraft in the field for various
mission roles. Fewer numbers of aircraft and
crews will be required to perform multiple dif-
ferent missions. Supports: Far-term advanced
concepts.

Structural Crash Dynamics Modeling and
Simulation (SCDMS) Technology Demon-
stration (97-00). SCDMS will establish astruc-
tural crash dynamics modeling and simulation
(M&S) capability from a single selected off-the-
shelf computer code that can satisfy the need for
a design and performance evaluation tool to be
optimized for helicopter crashworthy systems
or materials, and for scenarios common to heli-
copter crashes. A uniform standard approach
to computer modeling of global helicopter crash
dynamics will be established. SCDMS will
utilize ARL-VSD (NASA LaRC) modelingand
testing expertise in support of the four-phase
effort, evaluating state-of-the-art M&S codes
to determine strengths and weaknesses and to
select code with most strengths. Supports:
ICH.

Rotary Wing Structures Technology (RWST)
(97-01). RWST will fabricate and demonstrate
advanced lightweight, tailorable structures and
ballistically tolerantairframe configurations that
incorporate state-of-the-art computer design/
analysis techniques, improved test methods,
and affordable fabrication processes. The tech-
nology objectives are to increase structural
efficiency by 15 percent, improve structural
loads prediction accuracy to 75 percent, and
reduce costs by 25 percent without adversely
impacting airframe signature. Supports: Battle
Labs, JTR, ICH, UH-60 upgrades, collabora-
tive technology.




Advanced Rotorcraft Aeromechanics Tech-
nologies (ARCAT) (97-00). ARCAT will de-
velop and demonstrate critical technologies in
rotorcraft aeromechanics to contribute to en-
hanced warfighting needs for fielded and next
generation systems. Research and development
will be conducted to achieve technical objec-
tives by increasing maximum blade loading,
increasing rotor aerodynamic efficiency and
adverse forces, reducing aircraft loads and vi-
bration loads, reducing acoustic radiation, in-
creasing inherent rotor lag damping, and
increasing rotorcraft aeromechanics predictive
effectiveness. Achievement of aeromechanics
technology objectives will contribute to rotor-
craft system payoffs in range, payload, cruise
speed, maneuverability/agility, reliability, main-
tainability and reduced RDT&E, procurement,
and O&S costs. Supports: Battle Labs, Force
XXI.

Propulsion

Integrated High Performance Turbine En-
gine Technology (IHPTET) Program [Joint
Turbine Advanced Gas Generator (JTAGG)]
Demonstration (91-03). JTAGG is a tri-Ser-
vice effort which is structured to be compatible
with the goals of the IHPTET initiative.
IHPTET isathree-phased tri-Service/DARPA/
NASA effort with major milestones in 1991,
1997,and 2003. The JTAGG I+ was completed
in 1994. Specific JTAGG I+ goalsincluded a 25
percent reduction in fuel consumption and a 60
percentincrease in power-to-weight ratio. Fol-
low-onJTAGG ITand III efforts are addressing
the 1997/2003 THPTET goals. A full engine
demonstration of the improvements in gas tur-
bine technology resulting from the JTAGG
program will be conducted as required to be
compatible with S/SU/AC requirements. Re-
sults will be improvements in performance,
efficiency, and power-to-weight ratio over cur-
rent production engines. The demonstration
will incorporate advanced materials and materi-
als processing, simulation and modeling, com-
putational fluid dynamics, and manufacturing
science. Supports: JTR, ICH, Apache, all

rotorcraft, dual use potential.

Alternate Propulsion Sources (APS) Tech-
nology Demonstration (04-10). The APS will
explore advanced propulsion concepts beyond
air-breathing propulsion. This program will
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consist of proof-of-principle technology dem-
onstrations for propulsion concepts with po-
tential application initially to a UAV with
VTOL capability. The technology focus will
explore the potential of utilizing such power
sources as solar, high power microwaves, fly
wheel generators,and hybrids. Supports: UAV
application.

Logistics/Maintenance

Survivable, Affordable, Repairable Airframe
Program (SARAP) Technology Demonstra-
tion (05-08). SARAP will develop, integrate,
and demonstrate efforts to provide efficientand
affordable airframe structures, diagnostic and
repair concepts that address tolerance to such
high intensity combat threats as NBC, DEW,
mines, and ballistics to improve survivability,
performance, durability, sustainability, and ser-
viceability of currentand future VI'OL aircraft.
Emerging technologies in materials, smart struc-
tures, manufacturing methods, diagnostics, and
tools will be used to the fullest to obtain opti-
mum hardening and repairability. SARAP will
use Integrated Product and Process Develop-
ment (IPPD), concurrent engineering, virtual
prototyping, and synergistically integrated tech-
nologies to the maximum extent practicable.
Some of the overall enhancements to be realized
includea 50 percentimprovementin high inten-
sity conflict survivability, a 30 percent reduc-
tion in repair times, and a 60 percent increase in
aircraft combat life. Supports: Far-term ad-
vanced concepts and material changes to fielded
systems.

On-Board Integrated Diagnostic Systems
(OBIDS) Technology Demonstration (00-04).
The OBIDS is a showcase platform to demon-
strate advanced diagnostics and prognostics.
Technologies to measure, track, and analyze
aircraftvibrations, stresses, pressures, tempera-
tures, and other critical parameters necessary to
assess aircraft and subsystem health and usage
and will be integrated into the airframe. These
improved diagnostic and prognostic capabili-
ties will be measured for O&S cost benefits and
enhanced aircraft safety. The man-machine
interfaces needed to present data and generate
information leading to corrective maintenance
and early failure detection will be a principal
focus. Technology demonstrations may en-
compass the design and integration of systems




needed to promote the health and proper func-
tioning of structures and dynamic components.

Emphasis will be placed on improvements in
maintainability and availability. Supports: All
aircraft SU/AC.

Subsystems Technology for Affordability and
Supportability (STAS) (97-00). The focus of
STAS is on those subsystems technologies di-
rectly affecting the affordability and support-
ability of Army Aviation. Itaddresses technical
barriers associated with advanced, digitized

technologies will include advanced diagnostic
sensors, signal processing algorithms, high den-
sity storage, and intelligent decision aids. Ship-
side diagnostic and maintenance actions will
integrate laptop and body-worn electronic aids,
advanced displays, knowledge-based software
systems, personal viewing devices, voice recog-
nition technologies, and tele-maintenance net-
works. Supports: Battle Labs, AH-64, UH-60,
RAH-66 upgrades, ICH, JTR, other Services,
and civil rotorcraft fleets.

maintenance concepts, and real-time, on-board 5
integrated diagnostics. The expected benefits | ~*
from STAS are reductions in Mean Time to
Repair (MTTR), No Evidence of Failure
(NEOF) removals, and spare parts consump-
tion resulting in overall reductions in system
life cycle cost and enhanced mission effective-
ness. Pursuits include on-board as well as
ground-based hardware and software concepts
designed to assist the maintainer in diagnosing
system faults and recording and analyzing
maintenance data and information. On-aircraft

Relationship to
Modernization Plan
Annexes

The versatility and importance of Army Avia-
tion as a member of the combined arms team
will play a vital role in the Army’s future mod-
ernization plans. The linkage of aviation S/SU/
ACs to other Army Modernization Plan An-
nexes is shown in Figure II[-D-2.

Figure III-D-2. Correlation Between Army Aviation S/SU/ACs and Other Army Modernization Plan Annexes
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Command,
Control,
Communications,
and Computers

(C4)

In future conflicts, information technologies
will play a critical role in achieving the
dominance we seek. That presents several
challenges. We must develop the communi-
cations, sensors, and computing systems to
capture, synthesize, and distribute near-real-
time information to all levels of operations.
William J. Perry
Secretary of Defense

Introduction

The United States Army is vigorously march-
ing towards modernizing and enhancing cur-
rent command and control, communications,
and computer (C4) capabilities to meet the needs
of all warfighters. C4 modernization is critical
to the Army’s modernization objectives, infor-
mation superiority, and battlespace dominance.
The Army’s C4 S&T program is directed to-
wards providing the technologies, architecture,
protocols, standards, algorithms, and software
forintegrating communications assets through-
out the battlefield. The emphasis is placed on
establishing a C4 substructure of the digitized
battlefield to provide mission planning with
optimal use of resources throughout the task
force. Electronic maps, resource data, intelli-
gence information, and operational procedures
are used to achieve highly automated opera-
tional planning, rehearsal, and execution with
real-time command and control. Overall, Army
C4 systems are currently rated as having limited
capability or quantity toachieve modernization
objectives. Communication architectures that
will improve and enhance existing capabilities
are not yet fielded to the warfighter. To over-
come these deficiencies, the future of C4 has
been mapped along a path for the moderniza-
tion of the Force of the 21st Century, ie.,
“Force XXI.” The Army’s C4 modernization

and strategic planning efforts are anintegral part
of Force XXI and are critical to achieving the
Joint Chief’s Vision 2010. The synchronization
of C4 modernization through Force XXI, Vi-
sion 2010, and the Battle Labs/Battlefield Dy-
namics will allow America’s Army to be the best
in the world, trained and ready for Victory.

Relationship to Operational
Capabilities

Table III-E-1 shows detailed C4 system capa-
bilities, noting whether they are near term
(System Upgrade capabilities) or far term
(Advanced Concept capabilities). Command
and Control (Force Level and Lower Echelon)
and Communications (Mobile, Local, Wide,
and Range Extension) are the capstones of
Army C4 modernization. The foundations for
these SU/AC functional areas are Comput-
ing and Software and Modeling and Simulation
technologies.
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Army C4 Modernization
Strategy

Army C4 modernization efforts support all of
the Army’s modernization objectives as defined
in the 1996 Army Modernization Plan. The
objectives represent acombined modernization
strategy thatimproves and/or enhances existing
capabilities and takes advantage of “leap ahead”
technologies. Army Modernization considers
Force XXTIasthe Army’s corporate goal of what
it must become to remain the lethal force of
decision through the early decades of the 21st
century. It embraces the tenets of Doctrinal
Flexibility, Strategic Mobility, Tailorability and
Modularity, Joint, Multinational and Inter-
agency Connectivity, and Versatility. The
Warfighter Information Network (WIN), in
conjunction with the Battlefield Information
Transmission System (BITS), will provide the
communications infrastructure for Army C4
modernization. The purpose is to provide an
integrated "foxhole to sustaining base"
warfighter information network consisting of
communications and information services that
support Force XXI requirements well into the
21stcentury. Significantemphasisis being placed
onleveraging and adapting commercial internet
technology and protocols.




Table II1I-E-1. Command, Control, Communication, and Computer System Capabilities

| BATTLEFIELD DYNAMICS |

SYSTEM/SYSTEM ADVANCED CONCEPT
SU/AC FUNCTION UPGRADE CAPABILITIES CAPABILITIES
COMMAND AND CONTROL * Integrated Force Management « Distributed situation assessment
» Forecasting, planning, and resource * Knowledge-based info presentation
System Upgrade allocation ¢ Distributed empowerment
Force Level! * Platform embedded C2 * Interoperability with joint assets

Lower Echelon

Advanced Concept
Force XXI/Vision 2010

« Distributed, relational data base (large
area, low resolution)

¢ Auto situation map update

* Replicated data bases

¢ Intel order generation

* Nodal security

* Software bridge between diff sys

* Auto comm interface

¢ Expert System battle planning
- Resource allocation
- Concept of operation

« Expert System info correlation and
fusion

* Distributed data base with real- time
updating

* Interface with ABCS

* Adaptive distributed processing

* Voice I/0

» Battlefield visualization

¢ 3-D mission planning

» Consistent battlespace understanding

Flexible hierarchical data base for multi-
resolution, multiscales

Multimodal command understanding
Intel msg preparation

Expert systems

- Decision aids, management sys

- Wargaming/simulation

Distributed processing/data bases
Multimedia storage & retrieval
Multimedia presentation & interface
Multilevel security

Built-in training

Interoperability to lower echelons
C2-on-the-move

Enhanced situation awareness
Fault-tolerant processing at critical nodes
Synchronized battle management
Sensor integration

Distributed processing

Integrated POS/NAV

Head-up display

Automated mission planning

COMMUNICATIONS

System Upgrade
Mobile

Wide Area

Local Area
Range Extension

Advanced Concept
Force XX|/Vision 2010

¢ Systems control
- Co-site interference reduction
- Embedded COMSEC
- Frequency management
¢ ECCM enhancements
* Gateways between local, wide area,
and mobile systems
* Multilevel security
* Fiber optic LAN
* Data/voice transport
¢ EHF satellite communications
* Light satellite
* Tactical Multinet Gateways
* RPV Communications Relay
« Internet Controller
» Surrogate Satellite
* Enhanced data protocols
* Conformal antennas
* Mobile satellite connectivity
¢ Personal Communications System
* ATM switching
* Battlefield information transmission
* Universal transaction communications
* Assured communications

Distributed systems

Dynamic rerouting

Intelligent switches

Controllable signatures

Wireless LAN

Wideband multimedia communications
Integrated COMSEC

User transparent

Cellular satellite systems

Common user/satellite trunking
Airborne relay (surrogate satellite)
Multiband multipurpose radios
Transparent connectivity to local, wide,
range ext systems

Anti-jam EHF

OTM DSCS

Militarized satellite PCS

Wideband RAP OTM SATCOM

DIS compliant architecture

Real-time OTM planning tools

A comprehensive warfighter information
network

¢ Universal transaction services

@ Provides Significant Capability

O Provides Some Capability
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Roadmap for Command,
Control, Communications,
and Computers

Table III-E-2 is a summary of demonstrations
and system upgrades/advanced concepts (SU/
ACs) displayed on the Roadmap (Figure
ITI-E-1) for C4 Modernization. The evolution
of battlefield C4 into the 21st century begins
with current C4 systems as a baseline. In order
to preserve current investments, a step-by-step
block improvement approach to modernizing
legacy systems is utilized. ATDs and ACTDs
support the development of SU/ACs. The flow
of C4 modernization appears on the roadmap
beginning with Command and Control and
Communications system upgrades on the far
left, followed by specific ATDs, ACTDs, and
Technology Demonstrations leading to Force

XXI.

Technology Programs Leading to
Command and Control
Modernization

This past year, the Combined Arms Command
and Control (CAC2) ATD was completed. It
was successful in demonstrating command and
control functionality and shared situational

awareness for brigade and below, to include
Armor, Aviation, Mounted Forces, and Fire
Support. This ATD forms the baseline for
addressing some key command and control
(C2)and operational battlefield dynamicissues.
The following ATDs and technology demon-
strations represent the Army’s investment in
modernizing its C2 capabilities.

Rapid Battlefield Visualization (RBV) ACTD
(97-01). The goal of this ACTD is to demon-
strate capabilities to collect source data and
generate high resolution digital terrain data bases
quickly to support crisis response and force
projection operations within the timelines re-
quired by the Joint Force Commander. The
Commander will be capable of integrating ter-
rain data bases with current situation data, and
can therefore manipulate and display the inte-
grated databases in order to determine how to
achieve operational objectives and visualize a
desired end state. Source data collection, digital
terrain database generation and tailoring, data-
base dissemination, and applications software
will be integrated and evaluated. Supports:
JPSD/RFPI, Force XXI, and Vision 2010.

Battlefield Combat Identification (BCID)
ATD (93-98). The BCID addresses the mission
need to develop effective and survivable ground-
to-ground and air-to-ground combat identifi-
cation capabilities to enhance warfighting

Table III-E-2. C4 ATDs

Demonstration and
System Summary

Battlespace C2 (BC2)

ACTD

Battlefield Combat ID (BCID) (see IEW)
Digital Battlefield Communications (DBC)
Total Distribution (TD) (see Logistics)

* Rapid Battlefield Visualization

(See Volume [l, Annex B, for further information.)

TECHNOLOGY DEMONSTRATIONS

Command and Control

* Rapid Force Projection C2

* MOUT C4l

* Advanced Manportable Sensors for the Dismounted
Warrior

* Precision Navigation

Communications

+ Communications Integration and Cosite Mitigation

¢ Speakeasy Multiband Multimode Radio
(MBMMR)

* Range Extension

* Improved Spectrum Efficiency Modeling and

Simulation (ISEMS)

Universal Transaction Communications

Information Warfare/Protect

Integrated Photonics

SATCOM Technology

System Upgrades

SYSTEM UPGRADES AND ADVANCED CONCEPTS

Advanced Concepts

Command & Control - Force Level
Command & Control - Lower Echelon
Communications - Mobile
Communications - Local Area
Communications - Wide Area
Communications - Range Extension

* Force XXI (Vision 2010)
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Figure ITI-E-1. Roadmap for C4 Modernization
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capabilities and avoid engagement of friendly
forces and noncombatants. The approach is
based on a two-pronged concept that develops
both positive Target Identification (TT) and
Situation Awareness (SA) capabilities. It inte-
grates both TI and SA at different echelons
starting at the individual platform level. The
PM-CI/PEO IEW owns this project. Manage-
ment responsibilities lie with the U.S. Army
Communications-Electronics Command
(CECOM), Night Vision/Electronic Sensors
Directorate (NVESD). Further details on the
BCID ATD may be found in Section F, JEW.
Supports: Battlespace C2, Aviation platform
upgrades, JPSD/RFPI, Force XXI.

Rapid Force Projection Command and Con-
trol (RFP C2) Technology Demonstration
(95-98). This program will develop the com-
mand and control element for the RFEPIACTD.
It consists of a reconfigurable Light Tactical
Operation Center Testbed (LT2) and multiple
communications interfaces. Digitized systems
will link all battlefield elements from the indi-
vidual soldier through the brigade while pre-
venting communications systems information
overload. The RFP C2 demonstration will
provide real-time to near-real-time integration
of ACTD task force “hunters,” “killers,” and
organic weapons; commanders; and battlefield
functional area (BFA) battlefield operating sys-
tems (BOS),1.e., ASASand AFATDS. The LT2
will support targetanalysis, weapon-target pair-
ings, engagement control, EFOGM fire direc-
tion, organic sensor management, commander’s
situation awareness, battle damage assessment,
hunter-killer mission planning, near-real-time
data fusion, vertical integration of command
levels, and horizontal integration with other
functional elements (i.e., intelligence, field artil-
lery, air defense, armor, dismounted soldier).
Supports: Force XXI.

Battlespace Command and Control (BC2)
ATD (97-01). This ATD will develop and
demonstrate information and knowledge based
technology capabilities including provision of a
common, integrated situation display with se-
lectable detail and resolution providing battle-
field visualization and supporting systems
architectures. The BC2 ATD includes: intelli-
gent agents for information retrieval, filtering,
and decontliction; intelligent products to sup-
port decision making; and development of sys-
tems architecture. Tri-Service C2 sources will
be partitioned and distributed automatically
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across an integrated network of communica-
tions and computer medium to provide real-
time targeting, target hand-over, mission
planning, route planning, friendly and enemy
picture. The BC2 multi-Service system archi-
tecture will interoperate with multiechelon
Joint/Allied assets providing faster, more accu-
rate, more intuitive, tailored battlespace infor-
mation to the mobile strike force and Force
XXI. This ATD is also an integral part of
Defense Technology Objectives (DTOs) for
Consistent Battlespace Understanding, Fore-
casting, Planning, and Resource Allocation, and
Integrated Force Management. Supports: Force
XXI, RBV ACTD.

Total Distribution ATD (95-97). The success
of the Log Anchor Desk (LAD)in sauisfying the
logistics user’s needs for decision support soft-
ware, coupled with the advances made in the
Common Operating Environment (COE) and
in the architecture of the command and control
system, has resulted in a merger of the LAD
efforts with the Total Distribution (TD) ATD.
The goal of the merger is to continue the devel-
opment of the functionality of the LAD while
integrating it with data sources as they are de-
veloped and integrated into the C2 system’s
architecture. For further details, see Logistics,
Section O. Supports: Force XXI.

Military Operations in Urban Terrain
(MOUT) C4I Technology Demonstration (96-
00). The goal is to demonstrate robust, scalable
C4I and advanced sensor capabilities that pro-
vide commanders and warfighters with seam-
less, nonhierarchical adaptive networks for
multimedia communications in a highly dy-
namic MOUT environment. The objectiveis to
evolveanintegrated communications infrastruc-
ture that leverages commercial protocols, for-
mats, waveforms, and standards to achieve global
tri-Service interoperability through integration
of mobile IP tactical networks into global infra-
structure. MOUT C4I will demonstrate near-
real-time vertical and horizontal command and
control from the battalion down to the indi-
vidual combatant. Supports: Force XXI Land
Warrior.

Advanced Manportable Sensors for the Dis-
mounted Warrior Technology Demonstra-
tion (94-98). This effort will develop and
demonstrate optimum components and inte-
gration of thermal imagery, laser rangefinder,
electronic compass, and near IR pointer into a




compact sighting system. Imagery and data will
be output to the Land Warrior head mounted
display and soldier’s computer. These tech-
nologies will provide the soldier with extended
range and automated targeting capabilities.
Further details are found in Soldier, Section 1.
Supports: Lightweight Laser Designator/
Rangefinder, Force XXI Land Warrior.

Precision Navigation (94-98). This program
provides accurate, robust, worldwide position-
ing through Global Positioning System (GPS)
enhancements, advanced navigationsensors, and
digital terrain data bases using advanced algo-
rithms and integration concepts. The intent is
to make maximum use of an integrated GPS
capability while conducting nap-of-the-earth
flight and precision approach/landing demon-
strations as well as improving pos/nav capabili-
ties of soldier and ground-based platforms.
Precision Navigation integrated with a high
integrity digital terrain data base provides the
capability required to demonstrate platform
positioning accuracies of 1 to 3 meters, enhanc-
ing situation awareness in all environments.
Supports: Digitization of the Battlefield, Navi-
gation Warfare, Battlespace C2, Precision Strike,
RPA, Comanche, Soldier system upgrades, and
Ground and Air Vehicles.

Technology Programs Leading to
Communications Modernization

Communications, specifically seamless com-
munications, facilitates command and control.
Command and Control would be impossible
without the ability to communicate, i.e., trans-
mit and receive strategic, tactical, and opera-
tional information in a timely manner to the
Commander and associated staff. Several 6.2
programs are under way to facilitate and imple-
ment Army 6.3 communications efforts, in-
cluding a Personal Communications System,
Antennasfor Communications Across the Spec-
trum, and Advanced Modeling and Simulation.
Please refer to Chapter IV for details. The
following ATDs and technology demonstra-
tions reflect the Army’s current strategic plan
for Communications modernization.

Digital Battlefield Communications (DBC)
ATD (95-99). This ATD will exploit emerging
commercial communications technologies to
support multimedia communicationsina highly
mobile dynamic battlefield environment and
willsupport Digitized Battlefield and split-based
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operations. It will evolve into an integrated
communications infrastructure that utilizes
commercial protocols and standards to achieve
globalinteroperability. Commercial Asynchro-
nous Transfer Mode (ATM) technology will be
integrated into actual tactical communications
networks to provide “bandwidth on demand”
to support multimedia information require-
ments. In order to extend ATM services to
forward tactical units, a Radio Access Point
(RAP) will be prototyped and tested. The RAP
utilizes a high capacity on-the-move trunk ra-
dio to feed a variety of mobile subscriber ser-
vices. Both manned and unmanned aerial
platforms will be fitted with wideband relay
packages to support on-the-move (OTM) tacti-
cal operations, supporting bandwidths of up to
155 Mbps. This ATD will conclude in FY99
with the insertion of appropriate technology
products (high capacity digitized communica-
tions and split-based operations) in CORPS
XXI AWE. A parallel effort, DBC Enhance-
ments (96-99), includes an earlier demonstra-
tion of the Direct Broadcast Satellite (DBS)
technology (in support of JWID 96 and Task
Force XXI). Aneffort to exploit terrestrial PCS
was added to the program at the request of the
Army Digitization Office, and will be used to
exploit commercial CDMA and BCDMA tech-
nology as a wireless PBX off an MSE switch for
command postvoiceand datasubscribers. Mul-
tilevel security requirements for Force XXI will
be addressed by the insertion of Tactical End-
to-End Encryption Device (TEED) hardware.
Wideband HF technology will be evaluated,
tested in the U.S. Army CECOM Digital Inte-
grated Laboratory, and inserted into Division
XXI AWE. Supports: All Transport Systems,
FORCE XXI, Future Digital Radio (FDR).

Improved Spectrum Efficiency Modeling and
Simulation (ISEMS) Technology Demonstra-
tion (95-97). This program focuses efforts in
support of Winning the Information War and
Digitization of the Battlefield. The challenge is
to develop an enhanced communication model-
ing and simulation environment that provides
real-time, flexible, DIS-compatible, and cost-
effective capabllmes for resolving complex op-
erational problems. The emphasisis onreal-time
descriptions of environment phenomena for
applications to modeling of dynamic network
and communication system performance man-
agement, communication equipment character-
istics, communications realism and propagation




reliability algorithms, spectrum use efficiency,
and frequency management techniques. Soft-
ware capable of modeling communications sys-
tem capacity and performance and dynamic
battlefield environments in support of future
global deployment of communication technol-
ogy will be available in FY97. ISEMS transi-
tions key technologies to BC2, DBC, and
other ATDs. Supports: DBC and DBC

Enhancements.

Universal Transaction Communications
Technology Demonstration (96-03). This
demo will provide seamless connectivity and
integration across communications media. The
goal is to provide the commander the ability to
exchange and understand information unim-
peded by differences in connectivity, process-
ing, or systems interface characteristics. It will
allow information to flow from wherever it
exists, in whatever form, to whereveritisneeded
in whatever form it is needed. Attributes in-
clude: automated interfaces; techniques for
enhancing the commercially available signal
conditioning; provision of dynamic profiles and
adaptive conditioning; and automatic, adaptive
addressing to allow connections to users com-
pletely independent of any knowledge of loca-
tion. Supports: All tactical communications
and the tactical internet, Force XXI.

Joint Speakeasy/Multiband Multimode
Radio Technology Demonstration (95-99).
The Speakeasy Multiband Multimode Radio
(MBMMR) is a Joint Service Program to de-
velop the baseline architecture and technology
for the objective MBMMR, meeting the re-
quirements of the Future Digital Radio (FDR).
MBMMR will demonstrate a highly flexible
radio architecture, allowing rapid waveform
reprogrammabililty/reconfigurability to
support the rapidly changing mission require-
ment of EW threats, interoperability, net-
working, traffic load, frequency assignment,
and general modes of operation. Technology
insertion includes the use of advanced digital
signal processor (DSPs), programmable four-
channel CYPRIS chip INFOSEC modules,
and interference cancellation (Cosite)
circuitry. The MBMMR will utilize an “open”
(industry releasable) system architecture. A
highly software reprogrammable (waveform
and INFOSEC) radio will provide four
simultaneous multiband multimode radio
channels, networking functions, and minimize
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the required number of antennas. Supports:
Future Digital Radio, Force XXI.

Communications Integration and Cosite
Mitigation Technology Demonstration (97-
01). The objective of this demonstration is to
reduce the size, weight, power, and cosite inter-
ference problems that occur when multiple ra-
dios in either the same or dissimilar frequency
bands are integrated within a communications
system. The physical space constraints of mo-
bile platforms cause these problems to be even
worse. Technology from ongoing develop-
ments will be coupled with new efforts to ad-
dress the problem within the continuous
frequency band from 2 MHz to 2 GHz while
also attacking the cosite interference in the HF,
VHF, and UHF bands. Development efforts
include VHF and UHF multiport antenna mul-
tiplexers, ancillary cosite mitigation devices,
and wideband linear power amplifiers. Addi-
tionally, a multiband communications system
will be integrated within a typical Army SICPS
shelter mounted on a HMMWYV and tests per-
formed to evaluate the resultant performance
and enhancements. This testbed will be exer-
cised throughout the FY99-FY01 period, for
evaluation of the individually developed items.
Supports: All mobile multiband communica-
tions systems and Force XXI.

Information Warfare/Protect Technology
Demonstration (96-02). This program will
develop and demonstrate (through experimen-
tation and field testing) techniques for the pro-
tection of tactical information systems and
communications networks. These techniques
will validate Information Security, Information
Integrity, Attack Detection, Restoration, and
recommend real-time countermeasures to limit
network damage. This demonstration will tie
together various information systems’ protect
mechanismsincluding encryption, AJ/LPI (fre-
quency hopping/direct sequence spreading),
error detection/correction, and authentication
(both parity and key); and automation protect
mechanisms such as virus/malicious code (de-
tection and prevention of infiltration), authen-
tication (parity, digital signature), access control
(authorization lists/certificates), security audits,
manin theloop, firewalls, and air gaps. Numer-
ous IW protect mechanisms will be used to
secure the tested unit’s weapons systems against
known vulnerabilities. Maximum use of exiting
COTS and GOTS software products will mini-
mize R&D of new products. Technology to be




used includes secure firewalls, automated intru-
sion detection and response capabilities trusted
operating systems, malicious code detection,
and security and analysis tools procedures.
Supports: Force XXI, J[WSTP/Information
Warfare.

Range Extension Technology Demonstration
(97-99). This program dlrectly supports the
Army C4 modernization “key azimuth” of
Range Extension through the development and
integration of a multitude of SATCOM and
related technologies. It will identify and de-
velop key technologies required for airborne
applications of a suite of communications
packages, design and integrate specific systems,
and conductsystem tests and demonstrations of
intratheater communications range extension
at a variety of data rates. Major technology
areas to be addressed are airborne payload (in-
cluding antennas) designs, ground terminal ad-
aptations, interoperability/compatibility, and
simulation. These technologies will be used to
supplement current (and programmed)
SATCOM resources at all frequency bands.
SATCOM terminals will be augmented and
enhanced to provide the capability of commu-
nicating via satellite and/or airborne platforms.
The utility of SATCOM terminals will be ex-
tended by improvements to reduce size and
weight, increasing throughputand mobility and
implementing emerging techniques such as
Demand Assignment Multiple Access(DAMA).
An SHF "Surrogate Satellite System" will be
demonstrated in FY98. InFY99, a UAV-based
EHF and airborne battlefield paging capability
will be demonstrated. Supports: JPO UAV
TIER II Program, Goldenhawk, and Joint Pre-

cision Strike .

Integrated Photonics Technology Demon-
stration (00). This effort will develop inte-
grated photonic subsystems for application to
optical control of single beam phased array
antennas and fiber optic point-to-point links,

local area networks, and antenna remoting sys-
tems. Subsystems will be developed for optical
control of multi-beam phased array antennas.
These subsystems will reduce size, cost, and
power consumption while increasing the per-
formance of high speed fiber optic systems.
Demonstration of a photonically controlled
multipanel phased array antenna will be con-

ducted during FY00. Supports: SATCOM on-
the-move.

SATCOM Technology Demonstration (00-
02). This technology effort will extend the
applications and capabilities of SATCOM ter-
minals by providing higher data rates, improve-
ments in throughput, and reducelife cycle costs.
Throughput improvement will utilize emerg-
ing techniques and architectures suchas DAMA,
on a per call basis. Overall improvements to
systems and equipment will reduce size and
increase mobility for military and commercial
SATCOM terminals. Supports: SATCOM
Upgrades.

III-E-8

Relationship to
Modernization Plan
Annexes

Figure III-E-2 shows the correlation between
C4 modernization efforts versus other Army
Modernization Plan Annexes. C4 is integral to
most of the Army’s modernization objectives.
In one form or another, C4 facilitates the capa-
bility to project, sustain, and protect the Force,
Win the Information War, conduct Precision
Strikes, and Dominate the Maneuver. The
Army’s continued pursuit of high-tech, state-
of-the-art communications-electronics tech-
nologiesinsupport of enhanced C4 capabilities,
guarantees the stability of the United States
defense posture and the safety of our most
valuable asset, the Warfighter.




Figure ITI-E-2. Correlation Between C4 SU/ACs and Other Army Modernization Plan Annexes
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F.
Intelligence and
Electronic Warfare
Knowledge is Power.

1.

Introduction

Commanders require dynamic 1ntelhgence sup-
port, tailored to their specific mission require-
ments. Intelligence must be timely to enable
them to make informed decisions for the simul-
taneous application of decisive combat power
across the depth and breadth of their areas of
responsibility. The key to their ability to apply
focused and synchronized combat power is a
seamless intelligence system of systems that
enables them to utilize all of the capabilities of
the intelligence community, including national
agencies, theater assets, and organic capabilities
to see the battlefield and accurately target high
payoff enemy targets.

Intelligence (Intel) XXI is the Army Intelli-
gence Vision supporting Force XXI, created to
provide intelligence support to warfighters at
all echelons, Joint and Ground Component
Commanders, and coalition forces, across the
continuum of 21st century military operations.
This vision provides commanders witha knowl-
edge-based, prediction-oriented, and operation-
ally flexible intelligence system. Intel XXI is
focused on intelligence support for the Force
Projection Army in the Information Age of the
21st century.

The focus of Intel XXT is on the presentation of
intelligence in a way that immediately conveys
an understanding of the battlespace and the
significance of the intelligence presented. Un-
derlying the focus on presentation is an opera-
tionally flexible system executing an expanded
intelligence cycle (present, manage, collect, pro-
cess, and disseminate) in a more rapid and fo-
cused way to provide the commander what 1s
needed, when it is needed, melded with his
operational plan. The essence of intelligence 1s
the ability to reduce uncertainty and provide an
understanding of the battlefield through effec-
tive presentation. Intel XXI will enable us to
leverage Information Age Technology to do
exactly that.
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Based upon doctrinal underpinnings, the Army
conducted a Force Design Update for both the
Active and Reserve component MI force struc-
ture. The objective was to create a seamless
system of intelligence systems from national to
maneuver battalion level. To meet the targeting
challenges of the 21st Century, key information
and a common view of the battlespace will be
sent to all commanders immediately, emphasiz-
ing graphic rather than narrative reporting. This
integrated battlefield will be visually portrayed
throughout its width, depth, and height, with
sensor input sufficiently accurate to permit pre-
cision targeting.

Counterintelligence (CI) and Human Intelli-
gence (HUMINT) are integral to IEW and con-
tribute to the warfighters' ability to conduct
operations by denying information to enemy
weapon and information gathering systems,
deceiving the enemy regarding the battlefield
situation, and developing unprecedented envi-
ronmental awareness and force protection
predictability.

Meeting the warfighters' demands for timely,
accurate, and relevant targeting information re-
quires a future intelligence architecture built
upon these key modernization concepts. Our
goal 1s:

* One Family of Unmanned Aerial Vehicles to
fix targets.

® One Airborne System to look deep.
® One Division Sensor System that does it all.

* One All Source Analysis System that fuses it
all.

* One Processor to exploit national
capabilities.

® One Common Ground Station to conduct

the fight.

The research, development, and fielding of this
new generation of intelligence systems is a con-
tinuous process. Theintelligence force capabili-
ties provided by our modernization program
give us a more balanced and capable force.
Planned Systems/System Upgrades and Ad-
vanced Concepts (S/SU/ACs) will provide the
operational capabilities that will ensure our spec-
trum supremacy and allow us to win the infor-
mation war.




Relationship to Operational
Capabilities

In Table ITI-F-1, detailed IEW system capabili-
ties are summarized; the Systems/System Up-
grades column refers to relatively near-term
capabilities, the Advanced Concepts column
presents far-term goals. Correlation between
these system capabilities, the IEW S/SU/ACs,
and TRADOC, Battlefield Dynamics is also
displayed.

IEW Modernization
Strategy

The modernization of Army intelligence and
electronic warfare systems is discussed in An-
nex D, IEW, to the Army Modernization Plan
(AMP). It develops a strategy for an open
systems architecture to allow for continuous
modernization of the IEW mission area to pro-
vide multimission systems on common carriers
for a complementary mix of airborne, ground-
based, and cross-FLOT sensors, processors,
and jammers. The goal of IEW modernization
is to provide the Army with the most capable
IEW systems in the world, while developing
future systems to meet the challenges of the 21st
Century.

As noted in the introduction to this section,
Intelligence XXI is the intelligence vision that
supports Force XXI. Its intent is fundamen-
tally based on the requirement to provide intel-
ligence support to warfighters and Joint and
Ground Component Commanders across the
continuum of the 21st century military opera-
tions, with emphasis on how intelligence will
support our Force Projection Army in the In-
formation Age. The basic requirements which
the vision supports are: Battle Command, Ex-
tended Battlespace Dominance (understanding
the information battlefield, C2 Exploit, C2 At-
tack, and C2 Protect), Force Projection, and
Operational Flexibility.

Key to Battle Command and Battlespace Domi-
nance is information presentation to the com-
mander in the form of visual displays. Intel
XXI's three primary objectives are to provide
to the commander a virtual, near-real time,
continuous picture of the battlespace and intel-
ligence support for targeting and Battle Damage

Assessment. These objectives drive require-
ments for sensors, processors, and communica-
tions capabilities.

To accommodate the requirements of the fu-
ture, IEW must use the Army's RDA concept
and enabling strategies to guide its efforts.
Today's technology is not sufficiently capable
of fully satistying Force XXI intelligence re-
quirements. Efforts are underway to consoli-
date and accelerate several disparate programs
in order to field key capabilities in the following
technology areas: Displays, Computer Hard-
ware, Software, Visualization Data Bases, Sen-
sors, Automatic Target Recognition, and
Networks.

The capabilities described in this plan are aug-
mented by the National Foreign Intelligence
Program: General Defense Intelligence, Con-
solidated Cryptologic, and Foreign Counterin-
telligence Programs.
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Roadmaps for IEW Systems

Table ITI-F-2 presents a summary of [IEW dem-
onstrations, ACTDs, ATDs, and S/SU/AC:s as
found in the IEW roadmaps. Systems/System
Ubpgrades are the first step in fulfilling the IEW
strategy. These will evolve from current sys-
tems through the use of Product Improvement
Programs (PIP) and Preplanned Product Im-

rovements (P31). Technology demonstrations
and ATDs will be utilized to facilitate the tran-
sition of technology through block improve-
ments to existing or new systems. The challenge
is to field a family of IEW systems which use a
common module open architecture, thus im-
proving flexibility, reducing the logistics bur-
den, and minimizing development costs.

For the far term, future systems planning is
focused on the integration of IEW systems
with command, control, and communication
systems into one C3IEW “system-of-systems”
which will carry out the presentation, man-
agement, collection, processing, dissemi-
nation, transport, and denial of battlespace
information.

Thefollowing sections contain roadmaps which
lay outtherequired program efforts in informa-
tion collection (Figures III-F-1a and I1I-F-1b),
information processing (Figure III-F-1c), and

information denial (Figure III-F-1d). Each
section contains descriptions of associated




Table III-F-1. IEW System Capabilities

BATTLEFIELD DYNAMICS

SYSTEM/SYSTEM ADVANCED CONCEPT
S/SU/AC FUNCTION UPGRADE CAPABILITIES CAPABILITIES
CLOSE RSTA « ELINT, COMINT, EA radar multi- * Integrated system of sensors and
sensor package collectors
System * Sensor to detect, track, classify, ¢ Survivable
¢ Ground-Based Common Sensor-H? oleoele vehicle and personnel - All weather
* Ground-Based Common Sensor-L. | O | O O * UAV penetration and stand-in - All echelons
* Tactical UAV Intell Package ®|O|le RSTA/EW modular payload ¢ Mobile
¢ Flexible and adaptable
System Upgrades ¢ Multiplatform
* Advanced QUICKFIX Ole|le|le - Ground based
- -Airborne
Advanced Concepits ¢ Multispectral and integration
* Integrated Intercept BN NEeIK ] - Imagery assessment
* Integrated Sensor [oR N ) [ ) - Acoustic
- Radar
DEEP RSTA (GROUND/AIRBORNE) * Mobile Near Vertical Incident Signal - Laser
HF/DF collection - COMINT
System Upgrades * Manned aircraft with multi-purpose - ELINT
¢ Enhanced TRACKWOLF [ [ RSTA sensor suite - HF-EHF
» Airborne SIGINT/IMINT/Radar/ELINT/ |e Accurate
Advanced Concepts MASINT collection system for mid- - Range
¢ Integrated Intercept Ol @| 0| @ range emitter mapping - Location
¢ Integrated Sensor [oRK ) (] * UAV modular sensor (imagery, - Percent detected
meterological, NBC) with cross- * Modular
cueing/processing - Common platforms
* UAV stationary target ID sensor - Common hardware and software
classification * On-board preprocessing
PROCESSING AND FUSION « Situation development target * Mapping Propagation
engagement *» Single, multiple, and all sources
System Upgrades ¢ Intel-on-the-move, antenna upgrades processing
* ASAS Upgrades [ BN BEeoNNe] ¢ Automated weather decision aids » Intelligent information
* Integrated Meteorological System ®|O|0O|@IO —Correlation and fusion
(IMETS) --Expert systems
--Decision aids
Advanced Concept --Artificial intelligence
* Distributed IEW Fusion ® | @®@|O|O - Target identification
- Target nominations
- Situation analysis
* Information dissemination
- Multi-echelon
- Close-loop target hand-off
¢ Common modules
- Hardware and software
- Built-in training
ELECTRONIC ATTACK/ * Stand-In/UAV * Penetration
PROTECTION ¢ HF-UHF and Beyond (Threat s Implanted
Dependent) * Expendable
System * Stand-off  Active/Passive Non-cooperative IFF
« Tactical UAV Intell Package [ NRONN J + Long Range Electronic Attack * Protection against
¢ Ground-Based Common Sensor-H [ ] ®  Active/Passive Cooperative Target ID - Ground based
» Vehicular self-protection - Airborne
System Upgrades « Aircraft self-protection/SEAD - Space based
« Advanced QUICKFIX1 [omN | o * Laser warning - Radar, IR, EO
 Suite of Integrated RF CM cle|le|e® *« |IRCM * On-Board C2 integration
» High power MW, MMW  Laser Beam Rider Warning/CM
Advanced Concepts - Aircraft protection
¢ Suite of Integrated IR CM [eBN AK AN J * Jammer family
- Communications,
noncommunications
- Multisignal
- MultispectralAutonomous
 Stand-off

@ Provides significant capability

O Provides some capability

' Contains Com Jam capability
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Table III-F-2. JEW Demonstration and System Summary

a.

ATDs TECHNOLOGY DEMONSTRATIONS
» Air/Land Enhanced Reconnaissance and IEW Ground-Based Collection Demos
Targeting (See Aviation) * Low Probability of Intercept Electronic Support (ES)
Target Acquisition (see Mounted Forces) * Impulse/Wideband ES

Hunter Sensor Suite (see Close Combat Light)] ¢ New Signals SIGINT DF Development
Battlefield Combat Identification (BCID) » Advanced ES Receiver
Multispectral Countermeasures (see Aviation) | * High Frequency (HF) Antenna

Multifunction Staring Sensor Suite (see Modern Communications Beamformer ES/EA

Mounted Forces) Machine Vision for Autonomous Unmanned Ground
Vehicle (UAV)

IEW Airborne Collection Demos

ACTDs e ORION

» Aerial Scout Sensor Integration

* Joint Precision Strike Demonstration (JPSD) —| ¢ Multi-Mission/Common Modular UAV Sensors

Precision/Rapid Counter MRL ACTD * SAR Target Recognition and Location System (STARLOS)
» Rapid Force Projection Initiative (see CCL Intelligence Processing and Fusion Demos

section) ¢ Multiple Source Correlated Intelligence Fusion Demo
* Rapid Battlefield Visualization ¢ Owning the Weather

Information Denial Demos

» Advanced Digital Electronic Attack
* New Threat EA

(For additional information, see Volume I, * SAR Deception Techniques
Annex B.) » C2 Attack and Protect

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS

Systems Advanced Concepts
* Ground-Based Common Sensor-Heavy * Integrated Intercept System
¢ Ground-Based Common Sensor-Light (LW SIGINT * Integrated Sensor System
Division) » Distributed IEW Fusion
¢ Tactical UAV Intelligence Package ¢ Suite of Integrated IR Countermeasures

System Upgrades

¢ Advanced QUICKFIX (Aerial Common Sensor-Div)
* ASAS Upgrades

¢ Enhanced TRACKWOLF

* Integrated Meteorological System (IMETS)

* Suite of Integrated RF Countermeasures

technology demonstrations which support IEW multi-sensor capabilities that combine electronic
S/SU/AC:s. intelligence (ELINT), communications intelli-
gence (COMINT), and electronic attack (EA).
The mix of systems ranges from transportable
to manpack. Each provides surveillance, target-
ing, and intelligence data to be correlated with

Most of the demonstrations directly support
the systems that form the basis of the [EW
Annex to the AMP. The remaining demonstra-

tions represent initiatives that support a variety data provided by other sensors. The roadmap

iplfovr({ci;}gtsgqil\(/}rl iryesizilsnfgtg};pi rccl)fglgﬁ; for ground-based collection systems is shown
in Figure ITI-F-1a.

addressed in the IEW Annex to the AMP.
Rapid Force Projection Initiative (RFPI)
Tech nology Programs Leadin g to ACTD (95-00). The RFPI ACTD will demon-
Information Collection for lIEW strate automated target transfer from forward

Ground-Based Collection Systems sensors to standoff killer weapon systems with
the capability to engage high value targets be-

Ground-based collectorsfor IEW ground-based yond traditional direct fire ranges. Details of
collection systems are targeted against multiple the RFPI ACTD can be found in Close Combat
echelons. They embody modular, scalable, Light, Section H.
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Figure III-F-1a. Roadmap for IEW (Information Collection) Modernization—Ground-Based
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Hunter Sensor Suite ATD (94-97). This ATD
will demonstrate the feasibility of a lightweight,
deployable, and survivable hunter vehicle plat-
form with an advanced, low observable, long-
range hunter sensor system with aided target
recognition and enhanced target handover. See
section I1I-H, Close Combat Light, for more
detailed information. The Hunter Sensor Suite
ATD is an integral part of the RFPI ACTD.

Target Acquisition ATD (95-98). This ATD
will develop, integrate, and demonstrate ad-
vanced target acquisition and identification

sensors, and thermal driving technologies for
future “heavy”force vehicles. Seesection I11-G,
Mounted Forces, for more detailed information.
This ATD is a key element for the development
of advanced target acquisition systems for the
Advanced Tank Technology Program, Future
Scout and Cavalry System (FSCS), Armored
Gun System (AGS), and Future Tank.

Machine Vision for Autonomous Unmanned
Ground Vehicle (UGV) Technology Demon-
stration (96-99). Through this technology dem-
onstration anautonomous navigation capability

III-F-5




will be developed and demonstrated ona UGV
that allows operation on or off roads, that can
detect and circumnavigate obstacles, and that
can autonomously re-plan its route if it be-
comes impassable for any reason. Landmark
identification techniques, required for preci-
sion targeting applications, will also be demon-
strated. This machine vision system makes use
of artificial intelligence techniques (which in-
cludes neural network and fuzzy logic) and
image processing to provide vehicle steering
and velocity control command. Inaddition, the
system will integrate GPS technology, imaging
sensors, and advanced route/mission planning
technology The enhancement of machine vi-
sion for autonomous vehicles will reduce sol-
dier risk and soldier burden. The application of
this technology will transition on an individual
basis. Supports: Joint UGV Project Office,
Rapid Force Projection Initiative ACTD, Early
Entry Lethality and Survivability, Dismounted
Battle Space, Combat Service Support, and
Depth and Simultaneous Attack Battle Labs.

Low Probability of Intercept (LPI) Electronic
Support (ES) (94-97). This effort will demon-
strate the capability to intercept and geolocate
current and emerging threat noncommunica-
tions emitters which use LPI technology. The
objective is to develop a family of mini, modu-
lar, fully-automatic technologies for insertion
into existing systems. The technology which is
being investigated includes the development of
processors using Very High Speed Integrated
Circuit (VHSIC) technology to perform
onboard identification of noncommunication
emitters and to obtain weight, size, and power
reductionsas well asincreased processing speeds.
Receiver developments will focus on increasing
system sensitivity for operations in a dense
signal environment. Advancements in antenna
designs are being pursued for the development
of a lightweight, wideband, circularly disposed
conformal antenna to replace the high profile
spinning dish antennas currently in use today.
Supports: UAV equipment packages, Ground-
Based Common Sensor (GBCS), IEW Com-
mon  Sensor (IEWCS), Enhanced
TRACKWOLF, and Advanced QUICKFIX.

Impulse/Wideband Electronic Support (ES)
(97-01). This demonstration will focus on de-
veloping advanced techniques to detect, charac-
terize, and geolocate impulse radars in the
presence of conventional radars and com-
munication signals. Impulse radars represent a

III-F-6

significant advance in the state of the art for
battlefield radars. Since they were developed to
counter detection, location, and destruction,
current countermeasures are ineffective against
them. This work will involve a coordinated
effort which includes tri-Service and interna-
tional participation, as well as the use of the
SBIR program. The objective of these pro-
grams is to develop technology for insertion
into current and future ES systems to counter
the emerging impulse radar threat. Supports:
GBCS.

Battlefield Combat Identification (BCID)
ATD (93-98). The goal of the BCID ATD 1s to
solve the combat identification (ID) problem
experienced in Operation Desert Storm. It
provides the Army's technology options for the
Joint Combat ID ACTD. This ATD builds
upon the Battlefield Combat Identification Sys-
tem (BCIS) near-term solution, presently being
developed for vehicle platforms (a millimeter-
wave, question-and-answer type target ID sys-
tem), and validates the architecture for a
comprehensive air-to-ground and ground-to-
ground BCIS-compatible system that includes
the dismounted soldier. Previous experiments
and demonstrations assessed requirements and
concepts for the dismounted soldier and pro-
vided the technical foundation for the Joint
CombatID ACTD and integrated air-to-ground
and ground-to-ground applications, 1nclud1ng
situational awareness through the gunner's sight.
FY97 effortsinclude constructive modeling and
virtual simulation of air-to-ground combat ID
systems, initial simulation of dismounted sol-
dier CI systems, initial field experiments with
advanced technologies for enhanced target ID
and support of Force XXI. Future efforts will
include demonstration of a lightweight combat
ID capability for dismounted soldiers, integra-
tion into the Land Warrior equipment suite,
analysis and development of target ID concepts
for soldier-to-vehicle, vehicle-to-soldier, and
helicopter-to-soldier applications and exten-
sion of the situational awareness through-the-
site effort to include an enhanced version of
BCIS, the digital Appliqué, and other acquisi-
tion and target ID systems. Supports: Ar-
mored Vehicles, the Integrated C3IEW
System-of-Systems, and Land Warrior.

New Signals SIGINT/DF Development
(94-01). This project will develop the technol-
ogy necessary to provide non-cooperative
intercept and geolocation of modern




communication signals. Successful develop-
ments will be transitional into the tactical flag-

ship systems as they mature. Supports:
Enhanced TRACKWOLF, IEWCS.

Advanced Electronic Support (ES) Receiver
(00-05). This program will demonstrate a digi-
tal reconfigurable receiver to accommodate a
variety of missions. This digital channelized
receiver is intended to upgrade the IEWCS
front end to intercept very wide band signals in
a single channel mode, as well as to spatially
resolve narrow band signals in a multichannel
mode. This ensures exploitation of modern
communication signals and efficient allocation

of systemresources. Supports: [EWCS, GBCS.
High Frequency (HF) Antenna (00-05). This

program will demonstrate high frequency an-
tenna and antenna coupler components based
on high temperature super conductive technol-
ogy to reduce size and weight on IEWCS plat-
formsand allow tactical HF Electronic Warfare.

Supports: IEWCS, GBCS.

Modern Communications Analog/Digital
Beamformer Electronic Support/Electronic
Attack (ES/EA) (00-04). The ability to spa-
tially resolve targets using beamforming devel-
opments will increase the stand-off ranges in
which communications collection can occur or
provide greater system sensitivity for signals at
lower signal-to-noise ratios at current stand-off
ranges. This program will demonstrate the
effective use of this technology to address the
frequency re-use or co-channel interference
problem in modern communications collection

and identification to support electronic attack
issues. Supports: IEWCS, GBCS.

Multifunction Staring Sensor Suite (MFS3)
(98-01). This ATD will focus on a modular,
reconfigurable MFS3 that integrates multiple
advanced sensor components including staring
infrared arrays, multifunction laser, and acous-
tic arrays. For further details, see Mounted
Forces, Section G. Supports: Future Scoutand
Cavalry System (FSCS), Bradley Stinger Fight-
ing Vehicle-Enhanced (Linebacker), Force X X1.

Technology Programs Leading to
Information Collection
Modernization for [EW Airborne
Collection Systems

The roadmap for airborne information collec-
tion shows a mix of manned and unmanned
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platforms. The manned aircraft will undergo
preplanned product improvements which will
add required capabilities on an incremental ba-
sis. Unmanned airborne vehicles will carry a
variety of IEW sensor packages. The roadmap
is shown in Figure ITI-F-1b.

Air/Land Enhanced Reconnaissanceand Tar-
geting (ALERT) ATD (97-00). The purpose of
this ATD is to demonstrate automatic target
acquisition and enhanced target identification,
to cover large search areas with high targeting
accuracy while at low depression angles and
high platform motion. See Aviation, Section D,
for further details. Supports: Comanche Im-
provements, AH-64 C/D Apache.

JPSD Precision/Rapid Counter MRL ACTD
(95-98). This ACTD will demonstrate a signifi-
cantly enhanced capability for U.S. Forces Ko-
rea (USFK) to neutralize the newly deployed
North Korean 240mm multiple rocketlauncher
(MRL) system. Because of the brief time in
which this target is expected to be exposed and
vulnerable to counterfire, near continuous sur-
veillance and near instantaneous target acquisi-
tion will be required. The terrain problems
require thata sensor be overhead and that Divi-
sion-level access be available. A second genera-
tion infrared linescanner called the
Reconnaissance Infrared Surveillance and Tar-
get Acquisition (RISTA II for second genera-
tion) was developed with an Aided Target
Recognizer And Processor (AITRAP). This
system provides high resolution, wide area cov-
erage, and automatic target chip presentation to
atargeteer. The system was proven in FY96 at
a demonstration at Fort AP Hill. Following
review by SARDA and OSD(AT), the system
will be transitioned to the Multi-Sensor Test
Bed and Sherpaaircraftassigned to PM-TESAR
forfurther demonstrationand operational evalu-
ation. The sensor leave-behind for the CMRL
problem is an Aided Target Recognizer for
application to TESAR. The AiTR will cue the
targeteer to 240 MRL targets. A prehmlnary
demonstration of this capability was shown in
FY96 at Fort AP Hill. The first leave-behind
will be a Challenger-based system for CONUS
Predator systems in FY97 and the second leave-
behind will be a COTS processor in the Preda-
tor GCSfor OCONUS deployment. Supports:

Joint Precision Strike.




Figure III-F-1b. Roadmap for IEW (Information Collection) Modernization—Airborne
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Rapid Battlefield Visualization (RBV) ACTD
(97-01). This ACTD will demonstrate capabili-
ties to rapidly collect source data and generate
high resolution digital terrain databases to sup-
port crisis response and force projection opera-
tions within the timelines required by the joint
force commander. It will demonstrate capabili-
ties for the commander to integrate these terrain
data bases with current situation data, and ma-
nipulate and display the integrated data bases to
determine how to achieve objectives and visual-
ize the desired end state. The RBV ACTD will
leave behind with the XVIII Airborne Corps
the computer workstations and applications
software to (1) generate high resolution terrain
data bases; and (2) analyze courses of action
using mission planning and embedded
wargaming software and conduct mission re-
hearsals. This ACTD will leverage the Battle-
field Awareness and Data Dissemination
(BADD) ACTD for data dissemination and
tactical communications; the Battlespace Com-
mand and Control (BC2) ATD for applications
software and communicationsarchitectures; and
enhanced terrain representation programs con-
ducted by the Terrain Modeling Project Office
of the Defense Mapping Agency. Supports:
Force XXI, Army Battle Command System
(ABCS), Division '98 AWE, and Intel XXI.

Aerial Scout Sensor Integration Technology
Demonstration (95-98). This program will
demonstrate UAV-mounted imaging sensors
and ground-based image exploitation work-
station capable of high resolution, wide-area
coverage for battlefield reconnaissance,
surveillance, non-line-of-sight targeting, and
battle damage assessment. See section III-H,
Close Combat Light, for more detailed infor-
mation. Supports: Rapid Force Projection
Initiative ACTD.

Multimission/Common Modular UAV Sen-
sors (97-00). This technology demonstration
will provide a low cost, lightweight, EO/IR
integrated MTT Radar/SAR payload for inte-
gration on future tactical UAVs. The radar
payload will build upon successes in the current
low cost radar development program and will
likely utilize MMIC. The FLIR will take ad-
vantage of high quantum efficiency, 3-5 micron
staring arrays. These sensor payloads will pro-
vide enhanced reconnaissance, surveillance,
battle damage assessment, and targeting for non-
line-of-sight weapons. Demonstrations will
focus on multiple mission flexibility in support
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of early entry and deep attack forces. Supports:
Tactical UAV.

LPI ES and Impulse Wideband ES. See de-
scription in Ground-Based Collection Systems
section (above).

ORION (95-98). This program will demon-
strate the operational effectiveness of a wide
bandwidth SIGINT Electronic Support (ES)
package on a surrogate UAV platform operat-
ing in conjunction with a ground-based IEW
Common Sensor which receives the UAV ES
detected signals and performs the intercept/
processing task to locate high value C2 targets,
thus enhancing the capabilities of the IEW Com-
mon Sensor by allowing deeper penetration of
the enemy's communications space to detect
even low signal levels from directional systems
such as multichannel. The system will also
allow the intercept of modern low power com-
munications. Collection of these signals is dif-
ficult due to low radiated power. ORION
provides needed access to these signals. There
are also plans to include Electronic Attack into
the package to provide a unique capability to
attack deep targets and assist in the execution of
Information Warfare missions against critical
deep targets. Supports: UAV Intell Package.

Advanced ES Receiver Demo and Modern
Communications Beamformer ES/EA Demo
(00-05). See description in Ground-Based Col-
lection System section (above).

Synthetic Aperture Radar (SAR) Target
Recognition and Location System
(STARLOS) (94-99). This program will de-
velop real-time Aided/Automatic Target Rec-
ognition (ATR) capabilities and demonstrate
their functionality in 2 number of different
platformsusing Synthetic Aperture Radar (SAR)
as sensor. The ATR capabilities will be demon-
strated in the ground station for the aerial plat-
forms and will concentrate on the detection,
classification, recognition, and identification of
high value/payoff targets. The program will
provide location of time critical targets in day/
night and most weather conditions using wide
area coverage rates. Since multiple platforms
will be addressed, the ATR algorithms will be
implemented using scalable common ATR hard-
ware which is anticipated to be completely
COTS by FY97. In addition, the scalable hard-
ware will be used to execute algorithms for
other sensorsincluding2nd Gen FLIR/LS, thus
allowing more platforms (both intelligence and




combat weapon) to be considered for potential
ATR insertion using the principles of Horizon-
tal Technology Integration (HTT). Supports:
Precision Strike, Medium Altitude Endurance
UAV.

Technology Programs Leading to
Intelligence Processing and Fusion
Modernization

The objective of intelligence fusion and pro-
cessing modernization is the development and
fielding of common hardware and software for
intelligence analysis centers. The goal is to
shorten timelines for supplying intelligence to
the commander and to provide real time target
information to weapon systems. The roadmap
is shown in Figure III-F-1c.

Multiple Source Correlated Intelligence Fu-
sion Demonstration (96-01). This effort will
demonstrate a fully integrated tactical intelli-
gence data fusion module at Corps and Divi-
sion levels. The module will be stimulated with
diverse inputs and perform various fusing
functions to provide the commander with a

comprehensive visualization of the battlefield
using advanced, multi-media display techniques
to provide complete status of the situation in an
easily viewed and understandable format (sta-
tus at a glance). Inputs to the module will be
from the entire suite of battlefield sensors and
both tactical and strategic intelligence sources.
Sensors will be queued, and remote resources
queried, to synchronize the fusion effort with
the supported tactical operation. Data will be
correlated using advanced fusion techniques
such as automated terrain reasoning for loca-
tion and movement analysis and amalgamated
into intelligence products. This module will
support functions from the initial Intelligence
Preparation of the Battlefield to final battle
damage assessments and will also assist in frat-

ricide prevention. Supports: ASASand IEWCS.
Owning the Weather (96-02). This program

consists of three interrelated technology dem-
onstrations that will transition directly from 6.2
into the Integrated Meteorological System
(IMETS) block upgrades, artillery fire control

and meteorological systems, Army Battle Com-
mand System (ABCS), Battlefield Automated

Figure III-F-1c. Roadmap for IEW (Information Processing) Modernization—Fusion
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Systems (BAS), and the Modeling and Simula-
tion (M&S) community. The first, Target Area
Meteorology, 1s aimed at developing Computer
Assisted Artillery Meteorology software and
battlescale weather forecasting techniques. It
will receive input from mobile atmospheric
profilers and weather satellites to improve pre-
cisionstrikeand artillery firing accuracy through
better knowledge and application of battlefield
and target area meteorological conditions. The
second, Automated Weather Decision Aids,
will enable commanders to apply this improved
knowledge of battlefield weather to compare
weather-based advantages/disadvantages of
friendly and threat systems using automated
decision aid client applications on ABCS BASs
served by the IMETS through a Distributed
Computing Environment. The third, Owning
the Weather, extends the target area meteorology

and decision aid technology to the M&S envi-
ronment so that realistic operational battlescale
forecast weather and predicted impacts on sys-
tems and operations are also useable in mission
rehearsal, training, and combat simulations.

Supports: IMETS, ABCS, and Distributed

Interactive Simulation.

Technology Programs Leading to
Denial Systems Modernization

Denial systems are categorized into three main
areas: jamming systems, deception systems,
and self-protection systems. The objective of
these systems is to deny the enemy vital infor-
mation and to deceive and disrupt his command
and control and weapon systems. The roadmap
is shown in Figure ITI-F-1d.

Figure III-F-1d. Roadmap for IEW (Information Denial) Modernization
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Multispectral Countermeasures ATD (97-99).
The purpose of the Multispectral Countermea-
sures ATD is to develop prototype hardware
for advanced technology, countermeasures to
protect Army helicopters from imaging
surface-to-air missiles. See Avzation (Section
[II-D) for more detailed information. Sup-
ports: Suite of Integrated IR Countermeasures,
RF Countermeasures.

C2 Attack and Protect Technology Demon-
stration (98-02). This TD will demonstrate the
ability to launch effective Command and Con-
trol (C2) Attack against Integrated Battlefield
Area Communications Systems (IBACS) (threat
information systems). It will also demonstrate
the ability to protect the Army's Tactical infor-
mation systems, components, and data from
modern network attacks. The demonstration
will leverage existing technology, exploit mod-

eling and simulation methods for concept
exploration and definition, and use C2 attack
capabilities against Tactical Internet (T1) infor-
mation systems and components. For each C2
attack method a countercapability (C2 Protect)
willbeincorporated. The demo will provide the
ability to selectively control an adversary's use
of information, information-based processes,
and information systems through the applica-
tion of offensive capabilities that deny, disrupt,
or degrade operations or capabilities. Sup-
ports: RF Countermeasures, TT C2 Compo-
nents and Networks.

Advanced Digital Electronic Attack (EA)
(95-00). This demonstration will establish the
effectiveness of exploitation and jamming tech-
niques based on vulnerabilities of various for-
mat modern analogand digital communications
systems. A prototype system for detecting and
collecting analog and digital signals will be fab-
ricated to allow for demonstration of proof of
conceptcountermeasures techniques. Supports:

IEWCS, GBCS.
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New Threat Electronic Attack (EA) (00-03).
This program will demonstrate the ability to
intercept, locate, and disrupt emerging high
priority threat systems utilizing advanced com-
munications technologies. This program will
also investigate the advanced digital signal pro-
cessing, encryption, and complex modulation
techniques being incorporated into many of the
commercial systems proliferating throughout

the world. Supports: IEWCS, GBCS.

Synthetic Aperture Radar (SAR) Deception
Techniques (97-02). This exploratory develop-
ment project will yield components to counter,
through deception techniques, the SAR threat.
These components include hardware, software,
and associated techniques, as well as ancillary
equipment. The requirements to deceive and
jam air defense and surveillance radar will con-
tinue to increase as new threat radars are devel-

oped that use bistatic and other advanced
techniques to avoid destruction and to counter

low observables. Supports: IEWCS.

Relationship to
Modernization Plan
Annexes

Figure III-F-2 shows the correlation between
IEW S/SU/ACs and other Army Moderniza-
tion Plan Annexes. Note that IEW sensors
provide a significant capability in the Modern-
1zation process of other mission areas. '

The long-term goal is for Army C3IEW func-
tions to evolve into an integrated Battlespace
Information System (BIS-21) which provides
for the information collection, management,
transport, and denial functions required in the
21st century. This BIS-21 concept is synchro-
nized with the DoD “CA4I for the Warrior”
concept, which promotes the ability of a
warfighter to globally “plug in” and obtain
required battlespace information at any time.




Figure III-F-2. Correlation Between Intelligence and Electronic Warfare S/SU/ACs and Other Army

Modernization Plan Annexes
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Mounted Forces

Introduction

The greatest Science and Technology (S&T)
challenge in the Mounted Forces mission 1s to
make our most capable mounted forces lighter,
more lethal, and more deployable to better react
to regional conflicts in the post-Cold War era,
while improving their mobility, C4I capability,
and survivability.

Over the last few years, changes in the geo-
political climate have shifted the threat away
from our traditional Cold War adversaries.
Today any country has rapid access to state-of-
the-art weapon systems (e.g., precision guided
munitions) and vehicles for their warfighting
arsenal. In order to counter foreign capabilities,
we will continue to rely on the systems pur-
chased mostly in the 1980s and plan for up-
grades to those vehicle fleets, take advantage of
commercial technology advances (e.g., com-
puters, communications, electronics), and im-
prove the ability to sustain the fleet at lower
cost. These Mounted Force S&T opportunities
arefocused through the Advanced Vehicle Tech-
nologies (AVT) integration program.

The need for rapid deployment of the Mounted
Force to any battlefield in the world emerged as
alesson learned from Operation Desert Shield.
New requirements for the force has drastically
changed combat vehicle design considerations.
The creation of lighter, more mobile, more
supportable vehicles is now an integral part of
the S&T investment strategy. But simply in-
creasing the deployability at the expense of the
capabilities of our combat systems is not ac-
ceptable. We must increase deployability while
simultaneously advancing our superiority in
lethality, C41, survivability, and battlefield
mobility. This is where our technology base is
critical in forming a viable basis for these new,
more capable, smaller, lighter fighting vehicles.

Mounted Forces require expanded capabilities
to acquire and kill the array of threat targets in
allweather, on the move, day/night, in cluttered
environments, and at long ranges with in-
creased probability of destruction out to the
extent of the commander's battlespace. S&T
programs must focus on warfighter needs for
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future systems and/or systemupgrades. Invest-
ments are being made to apply technology hori-
zontally across multiple combat and tactical
systems.

Relationship to Operational
Capabilities

Mounted Forces Systems Upgrades/Advanced
Concepts (SU/ACs) address the progress of the
Army’s desired operational capabilities, as they
relate to the Battlefield Dynamics shown in
Table ITI-G-1. A direct correlation exists be-
tween the SU/ACs listed and the relevant
TRADOC Battlefield Dynamics.

Modernization Strategy

Dominate the Maneuver Battle is one of the
Army’s modernization objectives. The Mounted
Forces section of Annex B, Combat Maneuver,
in the 1996 Army Modernization Plan Annex
supports this objective by providing an assess-
ment of the Mounted Forces” strengths and
weaknesses. The Annexalso outlinesamodern-
ization program to correct deficiencies and ex-
ploit strengths. It calls for the following major
improvements to continue our modernization
program: increase target acquisition, digitize
the battlefield, increase lethality, increase sur-
vivability, and improve force structure.

The AVT umbrella program addresses the needs
identified in the Annex for a lighter, more
deployable “Heavy” force that retains high lev-
els of lethality and survivability. Many of the
technologies and components within this sec-
tion are candidates for product improvements
to fielded systems, such as the M1A2 Abrams
Tank.

Under the AVT programs, there are six Ad-
vanced Technology Demonstrations (ATDs)
which are designed for integration into future
vehicle concepts but also provide potential for
upgrading existing vehicles. Collectively, they
seek ways to reduce the size and weight of

combat vehicle structure and subsystems by:
reducing the requirement for conventional ar-
mor through countermeasures and active pro-
tection; reducing crew size through an
1ntegrated/automated crew station; improving
the lethality of cannons and ammunition; and
demonstrating lighter, more survivable vehicle



Table III-G-1. Mounted Forces Systems Capabilities
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countermeasures —Improved signature management
System Upgrades — Passive/active sensor mix for low —Increased ballistic protection
M1A2 Abrams SEP CBE 3K ] spectral emissions * Active protection
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structures using composites with enhanced tar-
getacquisition and improved C2 through shared
situational awareness.

The AVT programs are applicable to all ground
vehicles but emphasize improvements in capa-
bilities of light and heavy systems. Payoffs
should include increased lethality; improved
survivability through advanced armors, hit
avoidance, and signature management, includ-
ing inherent signature reductions; reductions in
the number of ships required to deploy and
sustain a heavy force; greater flexibility in the
use of ground, sealift, and airlift assets; and
greater tactical mobility and agility. The ATDs
that support AVT are:
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* Composite Armored Vehicle (CAV)
e Hit Avoidance

* Target Acquisition

Direct Fire Lethality

Battlespace Command and Control

Future Scout and Cavalry System

AVT will provide a basis to modernize our
existing fleet while providing a new strategi-
cally mobile, tailorable, and modular combat
force able to defeat any threat anywhere in the
world.

During FY96, five Integrated Concept Teams
(ICTs) were formed to address solutions to




user-defined requirements. These ICTs, along
with their primary focus, are as follows:

Abrams ICT (current fleet modernization).
S&T activities will target technology transfer
to M1A2 Abrams upgrades. The insertion of
required technology will be facilitated by
ongoing electronic upgrades.

Future Scout and Cavalry System (FSCS)
ICT. This ICT developed the program with
a goal of fielding a new FSCS by FY2006.
Specific attention is being given to stealth, a
wide array of sensor capability, connectivity
to the digitized battlefield, and survivability.

Future Combat System (FCS) ICT. The FCS
ICT devised a program to develop and field a
"leap ahead" combat program to be fielded
between FY2015 and FY2020.

Suite of Survivability Enbancements System
(SSES) ICT. The SSES ICT will coordinate
the development of a suite of survivability
enhancements for ground combat vehicles.
This technology will protect the mounted
force from known enemy threats.

Force XXI Baitle Command Brigade and
Below (FBCB2). The FBCB2 ICT will con-
duct a concept review of C2 functions and
will define required operational capabilities
within Armor Center proponency for CAC2
at brigade and below.

Roadmap for Mounted
Forces Modernization

Table III-G-2 presents a summary of demon-
strations and technologies. The road map in
Figure I1I-G-1 portrays the progression of the
Mounted Forces program to include Technol-
ogy Demonstrations (TDs), ATDs, and SU/

AC:s.

AVT Lethality Demonstration

Direct Fire Lethality ATD (96-01). This ATD
will demonstrate promising technologies to
enhance the hit and kill capabilities of armored
vehicles. Technologies must be explored that
provide a quantum leap in performance with
little or no weight/volume burden on the ve-
hicle. Emphasis will be placed on defeat of
advanced appliqué armors utilizing precursors
for Kinetic Energy (KE) penetrators. To pro-
vide improved weapon stabilization, technolo-
giessuchas Distributed Direct (Gearless) Drives
and Smart Barrel Actuators will be incorpo-
rated 1into the turret and main gun to increase
the probability of a hit and kill. Supports:
M1A2 Abrams System Enhancement Program
(SEP and SEP+) and Future Combat System

(ECS).

Table I1I-G-2. Mounted Forces Demonstration and System Summary

ATDs

* Composite Armored Vehicle (CAV)

» Battlefield Combat ID (See IEW, Section F)

* Target Acquisition

» Battlespace Command & Control (BC2)
(See C4, Section E)

» Hit Avoidance

¢ Direct Fire Lethality

¢ Future Scout and Cavalry System

* Multifunction Staring Sensor Suite
(MFS3)
(For additional information, see Volume I,
Annex B.)

TECHNOLOGY DEMONSTRATIONS

Future Combat System Integrated
Compact Kinetic Energy Missile (CKEM)
Line-of-Sight Anti-Tank (LOSAT)
Advanced Electronics for Future Combat
System

Ground Vehicle Distributed Defense
Future Combat System Mobility

Tank Mobility

Intra-Vehicle Electronics Suite

System Upgrades

* M1A2 Abrams SEP
* M1A2 Abrams SEP+
* M2A3 Bradley PIP

SYSTEM UPGRADES/ADVANCED CONCEPTS

Advanced Concepts

¢ Future Infantry Vehicle (FIV)
* Future Combat System (FCS)
» Future Scout and Cavalry System (FSCS)
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Figure I1I-G-1. Roadmap for Mounted Forces Systems Modernization
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AVT Survivability and Protection
Demonstrations

Composite Armored Vehicle (CAV) ATD (94-
98). The CAV ATD will demonstrate the feasi-
bility of producing lighter weight ground
combat vehicles manufactured from advanced
composites. The CAV ATD will consist of an
integrated demonstration of advanced compos-
ites and advanced lightweight armors on a C-
130 air deployable 22-ton vehicle emphasizing
manufacturability, repairability, non-destruc-
tive testing and structural integrity. The vehicle
structure and armor will weigh at least 33 per-
cent less than comparable steel or aluminum.
CAV’soperational advantages willimprove sur-
vivability through inherent signature reduction
of composite materials on vehicle shaping, and
improve agility and deployability by reducing
structure and armor weight. Supports: Cru-
sader PIPs, Future Scout and Cavalry System
(FSCS), Future Combat Systems Demos, and
Future Infantry Vehicle (FIV).

Hit Avoidance ATD (95-97). Through BDS
Warfighter experiments, the Hit Avoidance
ATD will demonstrate the improved battlefield
effectiveness, and develop battlefield tactics for
integrated hit avoidance technology, to include
sensors, countermeasures and active defenses,
against both top attack and horizontal threats.
The types of sensors considered for integration
include laser warning, radar warning, and pas-
sive missile warning receivers. Countermea-
sure candidates include jammers, obscurants,
false target generators, and counterfire.

The Hit Avoidance ATD will produce a
Commander's Decision Aid (CDA) which can
be battlefield tailored to a specific set of threats
encountered; it can also be used horizontally
across multiple combat and tactical vehicles.
The CDA is a Hardware/Software Logic Mod-
ule that fuses sensors with countermeasures for
automated and/or aided crewman response. It
is a key component of vehicle protection archi-
tecture. The ATD will also produce and field-
demonstratealow costactive protectionsystem.
Supports: Crusader, FSCS, M1A2 Abrams
SEP/SEP+, and M2A3 Bradley.

AVT Mobility and Electronics
Demonstrations

Target Acquisition ATD (95-98). This ATD
will demonstrate automated wide-area search
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and targetacquisition, prioritization, and track-
ing at extended ranges. Automation of these
capabilities will reduce crew workload, shorten
timelines to acquire targets, and as a result effec-
tively direct fire. The ability to automatically
acquire and hand over targets supports the de-
sign of a combat vehicle with fewer crew mem-
bers, which is more lethal and more deployable,
with improved situational awareness through

the digitized battlefield.
The Target Acquisition ATD will be composed

of a second generation thermal imaging sensor,
a millimeter wave radar with Moving Target
Indicator (MTI) capability, a multi-functional
laser (rangefinding, laser designating, and high
density profiling mode), and a day TV. The
sensors will be complemented by the inclusion
of aided target recognition algorithms and a

high-density processor which will run the algo-
rithms. Supports: FCS Demos, FSCS, FIV,
and M1A2 Abrams SEP/SEP+.

Battlespace Commandand Control ATD (97-
00). This ATD will demonstrate the capability
to integrate, distribute, and graphically display
numerous types of digitized command and con-
trolinformation (e.g., terrain, pos/nav, weather,
intelligence). For details see C4, Section E.

Intra-Vehicle Electronics Suite Technology
Demonstration (97-00). This TD will develop
and demonstrate a ground vehicle integrated
electronic architecture. This effort comple-
ments the crewstation designs developed in the
Crewman's Associate ATD, completed in FY96,
by providing the required electronic architec-
ture. Advanced Warfighting Experiments on
the M1A1 Abrams will validate the real-time
performance requirements of the Vetronics
Open Systems Architecture (VOSA). Sup-
ports: FSCS, FCS Demos, and M1A2 Abrams
SEP/SEP+.

Multifunction Staring Sensor Suite ATD (98-
01). This ATD will demonstrate a modular,
reconfigurable Multifunction Staring Sensor
Suite (MFS3) that integrates multiple advanced
sensor components including staring infrared
imager, a multifunction laser, and acoustic ar-
rays. The MFS3 will provide scout/cavalry
vehicles and amphibious assault vehicles with a
compact, affordable sensor suite for long-range
noncooperative target identification, mortar/
sniper fire location, and air defense against
low signature targets. The infrared imaging
system will be configured to accommodate




either visible to mid infrared or far infrared
focal plane arrays. As single focal planes ca-
pable of operating across the full optical spec-
trum mature, these may be inserted into the
assembly. The staring infrared sensor will op-
erate at high field rates to allow sniper and
mortar detection in addition to the conven-
tional target acquisition functions. Integration
of a multifunction, multiwavelength laser sys-
tem will incorporate ranging, range mapping,
target profiling, and laser designation to sup-
port target location, target cueing, aided target
identification, and target designation. Theacous-
tic array will provide target cueing and location
and will assist in automated targeting functions.

Supports: FSCS, FIV, FCS.

Tank Mobility Technology Demonstration
(98-03). This effort will laboratory demon-
strate critical engine, electronic drive, track and
suspension technologies to support the mobil-
ity field demonstrations of the Future Combat
System. The electronic drive technology will be
developed through ajointeffort(DARPA, DA,
and USMC) and will produce generators, stor-
age devices (flywheels, batteries, capacitors) and
power electronic switching devices. Engine
development work will focus on high power
density, low heat rejection, single cylinder die-
sel engine technology efforts directed toward
anextremely compact propulsion system. Track
improvements will include advance track and
track retention system. The suspension tech-

nology development will include semi-active/
active hydropneumatic and active electric sus-
pensionsystems. These mobility advancements
will enhance system survivability and opera-
tional effectiveness through smaller and ligher
systems, improved ride quality, increased agil-
ity,improved platformstability, reduced acous-
tic and IR signatures, and silent operations
capability. Supports: Abrams Upgrades, FIV.

AVT Systems Integration
Demonstrations

Future Scout and Cavalry System (FSCS)
Advanced Technology Demonstration (98-
02). The FSCS ATD will demonstrate the
feasibility and operational potential of an ad-
vanced lightweight vehicle chassis integrating
Scout-specific and advanced vehicle technolo-
gies developed in other technology base pro-
grams. The effort will be fabricated and tested
in virtual and real environments to both evalu-
ate and validate sensors/situational awareness
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capabilities and develop scout tactics. Specific
technologies which may be integrated into the
Scout platform include: multifunction staring
sensor suite, advanced lightweight structural
materials and armors, electric drive, lightweight
track, semi-active suspension, advanced crew
stations, advanced command and control, me-
dium-caliber weapon, and advanced survivabil-
ity systems.

The FSCS ATD will develop and demonstrate
Scout-specific mobility componentssuchas elec-
tric drive, semi and fully active suspension, and
band track. Thiseffort will validate the inherent
signature reduction of advanced mobility tech-
nologies. The FSCS ATD will transition in
FYO02 to the Future Scout and Combat System
(FSCS), an EMD program. Supports: FSCS.

Demonstrations Supporting Future
Combat System (FCS)

Advanced Electronics for Future Combat Sys-
tem (99-04). This effortwillupgrade the VOSA
developed under the Intra-Vehicle Electronics
Suite ATD to support high-power electronic
devices. Devices that will require such power
include Electro-Magnetic Gun, Electro-Mag-
netic Armor, and Electric Drive. Testing, dem-
onstration, and validation of the upgraded
VOSA will be performed in a high-power elec-
tronics Vehicle Systems Integration Lab (VSIL)
prior to integration on the Future Combat Sys-
tem Integrated Demo. This effort will also
identify, develop, and demonstrate the required
crewstation upgrades. Supports: FCS.

Future Combat System Integrated Technol-
ogy Demonstrator (00-05). This effort will
demonstrate the integration of the full suite of
FCS technologies. It will include Distributed
Defense, Advanced Mobility, and fully inte-
grated electronics subsystems. The main thrust
of this TD is to demonstrate the high-power
electric technologies critical to the realiation of
"leap ahead" capabilities as an integrated sys-
tem within a combat vehicle. This TD will also
demonstrate the integration and operation of
these electrical components in a combat vehicle
and will provide the basis for measuring com-
ponent performance, evaluating electrical sys-
tem architectures, and ensuring compatibility

with other TDs. Supports: FCS.

Ground Vehicle Distributed Defense (01-04).
This effort will demonstrate a distributed de-
fense system that is capable of protecting




armored forces against attack by smart and
precision guided weapons. It will reduce cost
and enhance force survivability by putting se-
lect sensorsand countermeasures onsome, rather
than all, of the vehicles in the force. Sensors,
electronic countermeasures, and active protec-
tion will be considered. Most, if not all, Sensor/
CM/C2 technologies will either be COTS avail-
able or available from other DoD agencies.
Supports: FCS, FSCS, Abrams, and Bradley.

Future Combat System Mobility (02-06). This
effortwilldevelopand demonstrate anadvanced
propulsion system which consists of a high
power density, low heat rejection, engine (Die-
sel or Turbine); an electric drive and power
conditioning system; an active suspension sys-
tem; an automatic track tensioning system;
and an advanced track. This propulsion sys-
tem will meet the requirements of the Future
Combat System and main weapon. Improve-
ments in operational effectiveness will be field
demonstrated.

Increased cross-country mobility and platform
stabilization will be achieved with either a fully
active suspension using electric actuators or a
semiactive/active hydropneumatic suspension.
Improved survivability and the silent operation
capability of the electric drive system will be
demonstrated.

Theelectricdrive hardware to be integrated will
be funded primarily by DARPA and managed
jointly by the Army and Marines. The ad-
vanced engine, track, and suspension will be
developed at TARDEC. By FY06, TARDEC
will complete integrated mobility system and
durability demonstrations. Supports: FCS.
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Ground Vehicle AVT
Demonstrations (Qutside the AVT
Umbrella)

Battlefield Combat ID ATD (93-98). This
ATD’s focus is on fratricide reduction and is
discussed in the JEW Section of this chapter
(Section IIL.F).

Compact Kinetic Energy Missile (CKEM)
Technology Demonstration (96-99). This TD
will develop a lightweight miniature (35-40kg)
hypervelocity KE missile, compatible with the
LOSAT target acquisition and tracking system
and could be compatible with the fire control
system for close combat and short range air
defense missions. It will demonstrate increased
flight maneuverability against close-in airborne
targets with continuous control actuation for
significantly reduced minimum range and in-
creased missile platform adaptability. Demon-
stration of this miniature hypervelocity missile
concept will provide capability for a significant
increase in lethality, survivability, and mobility
of a dual role close combat and short range air
defense KE weapon system that is easily

stowable on tracked combat vehicles. Sup-
ports: FCS and FIV.

Relationship to
Modernization Plan
Annexes

Figure I1I-G-2 exhibits the cross-fertilization
that exists between SU/ACs and several Army
Modernization Plan Annexes. All of the SU/
ACs, ATDs, and technology demonstrations
presented in this section support the Army
Mounted Forces modernization areas; many of
them support additional modernization areas.




Figure III-G-2. Correlation Between Mounted Forces SU/ACs and Other Army Modernization Plan Annexes
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Close Combat
Light

Those experimenting today will lead mod-
ernized units tomorrow.
Togo D. West, Jr.
Secretary of the Army

Introduction

In light of the changing threat, the Army is
placingincreased emphasis ondevelopingamore
flexible, combat ready military force that can
respond quickly to any crisis situation, capable
of deterring aggression and, should deterrence
fail, of defeating the enemy throughout the
operational continuum. The cornerstone of
this flexible force is the Army's Light Forces.
The Light Forces are comprised of combat,
combat support, and combat service support
units that participate in and support the close
battle. Their mission s to defeat threat forcesin
alow-intensity conflict, while retaining a capa-
bility for employment in mid to high intensity
conflicts and Operations Other Than War
(OOTW). Light Forces are the "option of
choice" for peacetime engagement and conflict
prevention. We must take advantage of new
technologies and field equipment that is more
lethal, survivable, maintainable, smaller, lighter
weight, and easily transportable.

Previous military operations demonstrated the
need for rapid deployment and insertion of
light forces as the “first-to-fight.” In dealing
with regional and urban conflicts, the
prepositioning of equipment is less practical
than it was in Europe. Operation Desert Storm
exposed the vulnerability of our “first-to-ar-
rive,” lightly equipped contingency forces (air-
borne in the case of the Army) to Third World
threats equipped with heavy armor.

All elements of the future advanced land com-
bat force must be highly deployable, able to
execute missions outside the operational enve-
lope of opposing forces, and survive against “a
myriad of lethal anti-armor weapons” and other
non-traditional, non-lethal weapons.
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2.

Relationship to Operational
Capabilities

It may be necessary for light forces to conduct
military operations under a variety of condi-
tions generated by a wide range of threats. We
must, therefore, continue to leverage technol-
ogy in the following key areas to ensure our
capabilities exceed those of our current and
potential threats:

* Integrate digitization

Provide smaller, lighter, precision fire power
e Facilitate mobility and maneuver
* Maximize leadership and training

* Increase protection

A major Army initiative, designed and geared
towards achieving U.S. Light Forces superior-
ity is the Rapid Force Projection Initiative (RFPI)
Advanced Concept Technology Demonstration
(ACTD). This ACTD explores new tactics and
technologies via a "System of Systems" ap-
proach providing a path to an air deployable,
early entry light force that is significantly more
capable of destroying a heavy armored threat
beyond traditional direct fire weapons. The
RFPI concept includes a variety of advanced
sensors (airand ground, manned and unmanned),
several precision guided, non-line-of-sight
weapons, responsive command and control
mechanisms, and automated targeting. Target
handover will be facilitated by tactical digital
data transfer systems now being developed as
part of the U.S. Army Battle Command System
(ABCS) program. Specifically, this ACTD will
provide the opportunity to explore the integra-
tion of new technologies with modified tactics,
technologies and procedures to improve the
survivability of our early entry forces.

The Light Forces are key elements of the U.S.
forward deployed, crisis response, and rein-
forcing forces. Light Forces provide versatility
in two ways: they are rapidly deployable and
they are most suited for fighting in close terrain.
These characteristics enable light forces to be
used in all of the Army’s roles and missions.
Some examples of these are:

* Initial forward deployment and the timely
reinforcement of forces. This has deterrent
value and sends a message of resolve in a crisis
situation, yet is not perceived as escalatory.




o Contingency crisis situations, where a rapid
and decisive deployment can forestall or limit
hostilities. In an area where no infrastructure
exists, a forced entry and subsequent rapid
build-up of force may be required.

* Nation building/military operations other
than war. Nations involved in low-intensity
conflicts may require economic and social-
political solutions. Light forces are ideally
suited in the role of providing security and
promoting the political and social develop-
ment of nations. Their inherent characteris-
tic of low equipment density does not create
an impact on a developing country, yet it
provides a widespread sense of security.

e Counter Terrorism can be used both domes-
tically and internationally. It may require
special non-traditional methods.

Table ITI-H-1 represents Close Combat Light
Systems/System Upgrades/Advanced Concepts
(S/SU/AC:s) capabilities that provide either sig-
nificant or some capability to Battlefield Dy-
namics. This table also provides highlights of
capabilities provided by other Army modern-
ization programs discussed in detail through-
out this chapter.

Modernization Strategy

The Combat Maneuver Annex to the Army
Modernization Plan (AMP), of which Close
Combat Light is a part, reviews the require-
ments placed on the light forces over the entire
spectrum of potential future conflicts and is the
Army’s strategy for modernization of its strate-
gically flexible Light Forces. The Close Com-
bat Light modernization strategy focuses on
new materiel which increases lethality, mobil-
ity, and survivability while correcting deficien-
cies and providing the necessary tailorability
across the spectrum of conflict. Priority is given
to equipment which significantly increases flex-
ibility and survivability.

Early entry forces will gain increased lethality
and survivability against heavy forces through
application of the Hunter-Standoff Killer con-
cept, 1.e., use of advanced forward sensors (hunt-
ers) and standoff weapons (killers), that will be
demonstrated in a system of systems which can
engage enemy forces at ranges beyond their
ability to counter.
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Close Combat Light extracts those portions of
all other modernization plans and mission areas
that are applicable to Light Forces, examines
them from the perspective of the Light Forces
roles and missions, and ensures the Light Forces
are provided adequate resources.

This plan is the result of a thorough examina-
tion of the threat, the nature and imperatives of
the future battlefield, a recognition of the need
to significantly reduce the time required to
develop and field advanced technology sys-
tems, and the recognition of time-
constrained resources. The plan captures the
technology and systems that will make a sig-
nificant contribution to the deterrent value of
light forces and/or provide “leap-ahead” capa-
bilities. The objectiveisto provideadisciplined
evolution of the Army Light Forces to meet the
futurebattlefield requirements of increased fire-
power, flexibility, mobility, survivability, and
sustainability.

Roadmap For Close
Combat Light

Table I1I-H-2 is a summary of Close Combat
Light demonstrations and systems.

Because Close Combat Light is primarily an
integration plan, the applicable S/SU/ACsalong
with the majority of appropriate ATDs and
technology demonstrations which provide ca-
pabilities to the Close Combat Light mission
areshown on the existing roadmaps throughout
the rest of Chapter III, and are not repeated
here.

The Rapid Force Projection Initiative (RFPI),
however, is unique to Close Combat Light and
is displayed in Figure III-H-1a. It depicts the
Army ATDs and technology demonstrations
that support the RFPI ACTD in the form of
capabilities provided by systems or system
upgrades.

In addition to the RFPI demonstrations, there
are other technology demonstrations that are
unique to the Close Combat Light Mission
area, to include non-lethal weapons. These are
shown in the roadmap on Figures I1I-H-1b and
ITI-H-1c.




Table III-H-1. Close Combat Light System Capabilities
| BATTLEFIELD DYNAMICS |
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AVIATION « Light attack/armed recon » Ground maintenance associate

« Day/night and adverse weather ¢ Increased payload
System ¢ Anti-armor/air-to-air ¢ Advanced transmission
RAH-66 Comanche LEE BN BE BEe » Aided target recognition « Man-machine interface

* Advanced survivability * Increased lethality
System Upgrade * Self deployability « All weather NOE pilotage
AH-64 Apache Longbow [ BN BN BN BiEe) * Multirole/versatility
UH-60 Blackhawk o|(® 0 |(0®|O * Automatic target recognition

* Signature control

Advanced Concepts * Adv. maneuverability/agility
Improved Cargo Helicopter (B BE BN | [ ] * Advanced propulsion
Enhanced AH-64 Apache ( BN BN BN NEe) * Integrated flight/fire control
Joint Transport Rotorcraft [ A BK 2K J o * Precision navigation
Bird Dog ®|®] 0|0 » NOE sling load operations

COMMAND, CONTROL,
COMMUNICATIONS, AND
COMPUTERS

System Upgrades
Communication—Wide, Local,
Mobile

Advanced Concepts
Force XXI/Vision 2010

» Distributed processing and data bases
* Integrated system management

» Gateways and multilevel security

» Jam resistant capability

« High mobility and survivability

* Expert system planning aids

« Battlefield visualization

* Assured communications

Enhanced situation awareness
Synchronized battle management
Voice input/output

Seamless, transparent
communication

Secure multimedia

Automated network management
C2 on the move

Integrated sensor weapon C3

INTELLIGENCE AND
ELECTRONIC WARFARE

Systems

Ground-Based Common Sensor —
Light*

UAV Tactical Intelligence Package

System Upgrade
Integrated Meteorological System

Advanced Concept

» Manpack/vehicle for surveillance/
targeting

¢ Penetration and standoff IEW

« Automated terrain identifier

* ELINT, COMINT, EA radar multi-
sensor package

* Automated weather decision aids

* Manportable sensor to detect, track,
and classify vehicle and personnel

Integrated system of sensors and
collectors

—multispectral

~—advanced processing
Information dissemination

—multi-echelon

—close loop target handover

Delivery of Munitions and
Equipment

Dist. IEW Fusion O|@®@|0 |0 » Intelligence analysis and assessment
MOUNTED FORCES ¢ Advanced fire control

* Advanced armament
Advanced Concepts » Passive/active protection
Future Scout & Cavalry System { BK BN AN BN J * Lighter forces
Future Infantry Fighting Vehicle O L JK K J * Integrated munitions/fuel/cargo
Future Combat System (@] { AN NN J transfer

+ Composite structures

* Reduced vehicles signatures/weight
CLOSE COMBAT LIGHT * Dismounted infantry combat power * Increased payload

* Increased capability of vehicle- » Increased lethality

Systems mounted support weapons * Enhanced situation awareness
Obj Crew Served Weapon o ONN | * Increased self-protection * Integrated system of sensors

¢ Improved PH
System Upgrade * IR/TV sensor
Advanced Precision Airborne [ ] [ ] [ ] * Lightweight
Delivery System  Ability to accurately deliver supplies/

equipment from offset distances

Advanced Concept  Increased delivery accuracy
Precision Ofiset High Glide Aerial ® |0 ® ®  Covert, day/night, and limited

visibility airdrop capablity

@ Provides significant capability

O Provides some capability

*Contains Com-Jam capability
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Table III-H-1. Close Combat Light System Capabilities (Continued)
[ BATTLEFIELD DYNAMICS |
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S/SU/AC AV AETAYE /L UPGRADE CAPABILITIES CAPABILITIES
SOLDIER ¢ Optimal food mix—quality and amount
» Improved soldier and crew protection
Systems » Improved accuracy, effects, and
Obj. Family of Small Arms o o|e®e|O logistics
Land Warrior L ®|®|0|. Battery unit/engine fuel cell, light-
Obj. Sniper Weapon ®e|0O{0C|@®@|O}|O weight power source
« Thermal weapon sight to detect man-
System Upgrades sized targets
Land Warrior o Oi@®|® | O |+ Soldier computer
Army Field Feeding Future o Oo|® @ |+ Increased accuracy, Ph, and range
Objective Individual Combat [ J O|®|O | O |+ Lightweight system
Weapon
Objective Crew Served Weapon |00 @00
COMBAT HEALTH SUPPORT ¢ Anti-malaria drug for drug-resistant « E. Coli Shigella Sonnel Hybrid
malarias vaccine
Systems/System Upgrades/ » Vaccine for hemorrhagic fevers * Paromomycin, topical
Advanced Concepts ¢ Tissue adhesives for hemorrhage antileishmaniald drug
Medical Defense Against [ BEOAN BN NEOHN ) control * HIV vaccine for vaccine therapy
Infectious Disease ¢ Reduction and prevention of * Immunization against biological
Combat Casualty Care e|C|l0o|®|OC|@® operational stress threat agents
Army Operational Medicine O (OO ® |O® | ® - Anti-endotoxin antibody for heat stroke |« Pre-treatment against biological
Medical Biological Defense  JReRN BN NiEenN / treatment threat agents
Medical Chemical Defense @ O|@®|®|O | ® | Ricin subunit vaccine » Advanced anti-convulsant
¢ Botulinum toxoid * Reactive topical skin protectant
* Staphyloccal Enterotoxin B (SEB) * Microwave warmer for resuscitation
toxoid fluid and blood
* Rapid Identification/Diagnosis Kit
« Cyanide pretreatment
NBC * Decon downtime reduced ¢ Defeat/immobilize enemy threat
» Detection and ID of all CB threat equipment, i.e., trucks, tanks
Systems/System Upgrades/ agents ¢ Close-in fire support for SOF, MOUT
Advanced Concepts * Low bulk, low cost CB protective mask [+ Increased first kill capability of
Individual Protection o o|e O |« Multispectral smoke material to defeat hardened targets
Collective Protection o [ BN BN BN | enemy RSTA assets * Large area defeat of enemy threat
Chemical Detectors o ®|® | ® | ® |- Defeat or degrade enemy armored equipment
Biological Detectors o [ BN BN BN | targets ¢ Counter-counter battery
Smoke/Obscurants [oNNeRN BN ] @ |« Improved entry/exit * Target marking
Decontamination [ ) |0 [ ]
Target Defeat Capabilities oZE BN BN |
AIR DEFENSE * IR counter-countermeasures
» Improved lethality against helicopters
Advanced Concept * 360° coverage
Stinger Block 1| | JNoRNeNN NN NiNel
SPACE + Digital battlefield communications
* Mid- and high-capacity voice, data
System ¢ Improved weapons pointing
Joint Tactical Ground Station O|@®@|O|O |@® | O |+ Laserboresight
* Anti-satellite capabilities
System Upgrades
SCAMP Terminals o|0|O|O|@®@|O
Tactical Exploitation of National [ BEoREoREONE NEe)
Capabilities
Advanced Concepts
Communications Transport O|lO0O|O0O|0O|@]0O
Advanced Image Collection and OQlO|0O|OC|@®]|O ¢ High-capacity voice, data, video
Processing * Theater direct access terminals
Force XXI O|lojlolOo|@|O * EW, DEW, KEW systems
@ Provides significant capability O Provides some capability (Gontinued)
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Table III-H-1. Close Combat Light System Capabilities (Continued)

[ BATTLEFIELD DYNAMICS |

@ Provides significant capability QO Provides some capability
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ENGINEER AND MINE WARFARE « Linear clearning of mines using
explosives
Systems * Upgraded mine detector
Vehicular Mounted Mine Detector O * Improved minefield effectiveness
Intefligent Minefield oo (0| ®| ®| @ |° Neutralize anti-tank mines
Mine Hunter Kilier O * Detection avoidance
* Counter threat thermal IR sensors
System Upgrades * Integrated, cooperative, controllable
Low Cost Low Observable Technologies ®| 0 (00| ®| @ two-wayminefield
Digital Topographic Support System/Quick | @ (@ | ® [ ® [ @ | @ |- Detect mines with large lethal radii
Response Multicolor Printer
FIRE SUPPORT « Improved range, agility, and RAM « Mobile long-range capability
* Extended range Kill * improved targeting
Systems * Increased sensor accuracy * Precision guidance capability
Crusader [ BN ] @ | @ | Decision aids * Lightweight, deployabile, long range
* Smart weapons * Increased lethality and accuracy
System Upgrades * Reduced fire mission duration
FireFinder P3I CO|le|O|O| @ * Reduced logistics burden
Multi-Mode Airframe Technology ®(® 0|0
Advanced Concepts
155mm Automated Howitzer [ 2N BN J
Precision Guided Mortar Munition [ BNeoNN BN |
Guided MLRS [ 2N BEORN NN NN J
LOGISTICS » Shelf stable ration components * Automated logistics planning and
» Enhanced rations performance and execution
System Upgrades flexibility * Total asset visibility
Aerial Delivery ®| 0 Y @ | * Reduced manpower * Accurate delivery of supplies/
Army Field Feeding Future e) olo @ | * Improved quality of life equipment from offset distances
Rapid Deployable Food Service for Force o olo @ | ° Improved precision guided delivery of { ¢ Increased delivery accuracy via an
Projection munitions autonomous GPS-based guidance
Logistics Survivability XK BEK O | * Automated logistics planning and navigation system
Eiectric Power Generation ®e|lolo|o ® » Covert day/night and limited visibility
air drop capabilities
Advanced Concepts
Precision Offset, High Glide Aerial Delivery | @ | @ [ ] [ ]
Total Distribution System ® 0|00 |0| @
Munitions Survivability [ AK BEcREeREeRK ]
TRAINING * Joint/combined exercises
* Unique DIS-based Reserve
System Upgrades Component training strategies
Distributed Interactive Simulation |0 | ®|®| ® @ |° Combined Arms Training
Combined Arms Training Strategy O|le|®|®| e®| e |- BatleCommand Training
Combat Training Centers o ®@|®|®| ® @ | Upgrade of MILES equipment
Non-Sys Training Devices (NSTD) ® 0 |@®|®| ® @ | Synthetic battlefield
Range Instrumentation Targetry Devices [ AN BN ]
Combined Arms Tactical Trainer oBN BK 2K BN AN |
« Joint mission training
Advanced Concepts * Mission rehearsal
Dist. Models/Sim for Joint/Theater (2K BAEK B AN BK ] « Mission readiness estimation
Exercises ¢ Behaviorally-accurate SAFOR
Innovative Sim-Based Training Strategies [ AN BN AN AN BK |
Advanced Assessment and Leader [ AN BN AN AN BN J




Table III-H-2. Close Combat Light Demonstration and System Summary

RAPID FORCE PROJECTION
INITIATIVE ATDs

Hunter Sensor Suite
Precision Guided Mortar Munition
Intelligent Minefield (see EMW)

TECHNOLOGY DEMONSTRATIONS

RFPI Demonstrations

* Aerial Scout Sensor Integration

* Integrated Acoustic System (IAS)

Guided MLRS (see Fire Support) ¢ Autonomous Intelligent Submunition (AIS) (see

Enhanced Fiber Optic Guided Missile Fire Support)

(EFOGM) * RFPI Command and Control

» Future Missile Technology Integration (FMTI)

* High Mobility Rocket System (HIMARS)

e 155mm Automated Howitzer (see Fire Support)

CCL Unique Demonstrations

* Objective Crew-Served Weapon

» Counter Active Protection System (CAPS)

* Precision Offset, High Glide Aerial Delivery of
Munitions and Equipment

Non-Lethal Demonstrations

» Non-Lethal Marker Munition

* 12 Gauge Round

ACTDs
» Rapid Force Projection Initiative (RFPI)

) . *» Electric Water Cannon
(For additional information, see Volume I, *» Mid-Sized Riot Control Dispenser
Annex B.) * Non-Lethal Entanglement
 Electric Vehicle Stopper
SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS
(Unique to Close Combat Light)
System

* Objective Crew Served Weapon

Advanced Concepts
» Precision Offset, High Glide Aerial Delivery of
Munitions and Equipment

System Upgrades
* Advanced Precision Airborne Delivery System

this demonstration. The suite will combine a
second generation thermal imager, day TV,
eyesafe laser rangefinder and imbedded ATR
processor, video compression and communica-
tions interface for linkage into a C3 net. This
effort will develop and demonstrate the com-
munications datacompression techniques/tech-
nologies to permit transmission of the imagery
over existing combat net radio systems. A
Hunter Vehicle (HV) will be designed to accept
the integration of signature management tech-
nologies and the Hunter sensor suite. Sup-

RFP! Sensor Demonstrations

Aerial Scout Sensor Integration Technology
Demonstration (95-98). This TD will demon-
strate technology to provide light forces with
accurate, timely, “over-the-hill” reconnaissance,
surveillance and battle damage assessment ca-
pability through use of aerial sensors enhanced
with aided target recognition and smart work-
station technologies. A variety of imaging sen-
sors will be used on a surrogate aerial platform
as well as a ground-based image exploitation

workstation. Candidate sensors include FLIR,
infrared linescanner, day TV and MTI radar.
The goal is to demonstrate a reduction in data

timelines, from tasking to output of tactical
information. Supports: RFPI ACTD.

Hunter Sensor Suite ATD (94-97). This ATD
will demonstrate the feasibility of a lightweight,
deployable, and survivable Hunter Vehicle plat-
form with an advanced long-range sensor suite
for a lightweight, deployable vehicle. Aided
targetrecognition for acquiring multiple targets
and enhanced target handoff will result from
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ports: RFPI ACTD.

Integrated Acoustic System (IAS)(96-99). This
TD will demonstrate acoustic sensor technol-
ogy in both hand-emplaced and air-droppable
variants. Advanced acoustic sensor efforts on-
going in the Intelligent Minefield ATD (see
EMU, Section M) will provide the hand-
emplaced system. The Air Deployable Acous-
tic Sensor (ADAS) system will be developed to
provide a helicopter-deployable variant. Both
systems will be demonstrated during the RFPI




Figure III-H-1a. Close Combat Light Roadmap for Rapid Force Projection Initiative ACTD
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Figure III-H-1b. Roadmap for Demonstrations Unique to Close Combat Light
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ACTD large-scale field experiment. Supports:
RFPI ACTD.

Autonomous Intelligent Submunition (AIS)
(94-97). See Fire Support section, III-N. Sup-
ports: RFPI ACTD.

RFPI Command and Control
Demonstration

RFPI Command and Control (C2) Technol-
ogy Demonstration (94-97). The RFPI pro-
gram of Advanced Land Combat will
demonstrate enhanced capabilities which ad-
dress the strategy of Close Combat Light with
respect to the rapidly deployable force. The C2
portion of this program will demonstrate the
integration of rapid force projection remote
scout and sensor reconnaissance information
into the Battlespace C2 concept, providing com-
manders with the ability to integrate data into
the overall battlefield picture, set target priori-
ties, determine target weapon pairings, and per-
form target handover to non-line-of-sight, air
attack, or close weapon systems. Demonstra-
tions will encompass the data links required to
transport targeting data from remote sensors
to an operations center, and the ability to
redistribute the correlated targeting data to a
decision pointand to various ‘weapon platforms
which would bring fire on given targets. Vari-
ous transmission technologies will be investi-
gated: wide band data links, packet techniques,
bandwidth compression, and alternate fre-
quency bands. Supports: Battlespace C2 and
RFPI ACTD.

RFPI Advanced Concept
Technology Demonstration

RFPI ACTD (95-00). The REPI ACTD will
demonstrate a highly lethal, survivable, and
rapidly air deployable enhancementto the Early
Entry Task Force. This enhancement will pro-
vide automated target transfer from forward
sensors to an indirect fire weapon system with
the capability to engage high value targets be-
yond traditional direct fire ranges. The ACTD
provides an opportunity for extensive user in-
teraction with the new RFPI hunter-standoff
killer concept and its emerging technologies.
A selected light, air assault, or airborne unit
from Forces Command (FORSCOM) will dem-
onstrate the RFPI ACTD concept, and will
retain selected equipment for at least a 2-year
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extended demonstration period to provide re-
sidual capabilities and allow arrangements for
long-term retention. The ACTD leverages
maturing RFPI sensor technologies and an ad-
vanced command and control element. The
ACTD includes automated Fire Control Sys-
tem (FCS) for selected Howitzers, the
Enhanced Fiber-Optic Guided Missile
(EFOGM) non-line-of-sight weapon system,
and the High Mobility Artillery Rocket System
(HIMARS). Itencourages user exploration of a
variety of baseline procedures to optimize util-
ity of the new hunter standoff killer concept.
Supports: RFPL

RFPlI Weapons Demonstrations

The RFPI Large Scale Field Experiment in-
cludes several advanced concepts which will
demonstrate the System of Systems concept of
hunters and standoff killers. During this
timeframe, the newly configured and upgraded
EFOGM and 155mm Automated Howitzer
(with automated fire control system) will be
demonstrated. Other new hunter or killer tech-
nologies will be considered during this phase.

Enhanced Fiber Optic Guided Missile
(EFOGM) ATD (94-99). This ATD will de-
velop and demonstrate a remotely directed (fi-
ber optically guided) missile system (EFOGM),
modified with an Imaging IR (I2R) seeker, In-
ertial Navigational System, and other data link
modifications. Itwill defeatarmor outto ranges
of 15 km and permit the operator, through a
fiber-optic guidance link to the missile seeker,
to search for targets in the extended close battle
area. The system has the unique ability to
operate from defilade and to engage targets
which are also in defilade. Friendly target rec-
ognition capability and fratricide avoidance is
enhanced with a gunner operator in the loop.
The EFOGM ATD will provide the advanced,
non-line-of-sight weapon to be demonstrated
under the RFPI ACTD. This ACTD will inte-
grate lightforce organic weapons, the EFOGM,
RFPI sensors, other RFPI standoff killers, and
C2. Supports: RFPI and JPSD Precision/
Rapid Counter MRL ACTDs.

Intelligent Minefield ATD (93-97). This ATD
will demonstrate an integrated, cooperative
smart (advanced sensorsand controls) minefield.
See Engineer and Mine Warfare (Section 11I-M)

for more detailed information. Supports: RFPI
ACTD.




155mm Automated Howitzer Technology
Demonstration (94-01). The program will
develop an advanced digital fire control system
for towed artillery. See Fire Support (Section
III-N) for more detailed information. Sup-
ports: RFPI ACTD.

Precision Guided Mortar Munition (PGMM)
ATD (94-99). The ATD will demonstrate,
through live fire and simulation, the ability of a
guided mortar munition to defeat armored as
well as high value point targets. It will also
demonstrate longer range, more accurate, and
timely response to requests for fire, through the
integration of a lightweight fire control system.
As partof the RFPI, the PGMM and fire control
will be an advanced concept stand-off killer in
the RFPI ACTD. The ATD program consists
of a 120mm PGMM capable of finding and
defeating enemy armor and other high priority
targetsinanautonomousrole, and alightweight
fire control to improve the accuracy and re-
sponse time of fielded mortar systems. An
initial testbed is beingintegrated ona HMMWV,
with a follow-on effort to reduce the size and
weight of the components. The program will
focus on the azimuth reference unit and the
software required to completely integrate the
components and fire a PGMM against moving
targets. Supports: RFPI ACTD.

Guided MLRS ATD (95-98). This ATD is
discussed in detail in Fire Support, Section
III-N.

High Mobility Artillery Rocket System
(HIMARS) Technology Demonstration (95-
99). The HIMARS TD will provide a light-
weight, C-130 transportable version of the
M-270 Multiple Launch Rocket System (MLRS)
launcher. Mounted on a 5-ton Family of Me-
dium Tactical Vehicles (FMTV) truck chassis, it
will fire any rocket or missile in the MLRS
Family of Munitions. The HIMARS uses the
same command, control, and communications,
as well as the same crew as the MLRS launcher,
but carries only one rocket or missile pod. It
will roll on and off of a C-130 transport aircraft
and, when carried with a combat load, will be
ready to operate within minutes of landing.
Supports: RFPI ACTD and MLRS Family of

Munitions.

Future Missile Technology Integration
(FMTI) Technology Demonstration (94-98).
This technology demonstration is discussed in
detail in Aviation, Section I1I-D.
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Close Combat Light Unique
Demonstrations

(Outside of the RFPI Umbrella.)

The Objective Crew-Served Weapon Tech-
nology Demonstration (96-00) (part of the
Objective Family of Small Arms described in
section I, Soldier) is unique to the Close Com-
bat Light Section. It will support the two-man,
crew-served weapon outlined in the Army Small
Arms Master Plan and the Joint Service Small
Arms Master Plan. This demonstration will
establish the feasibility of a lightweight two-
man portable crew-served weapon system with
a high probability of incapacitation and sup-
pression out to 2000 meters, against protected
personnel targets. It will also have a high poten-
tial to damage light vehicles, lightly armored
vehicles, water craft, and slow moving aircraft
beyond 1000 meters. The fire control system
will include a laser range finder, environmental
sensors, ballistic computer, day and night chan-
nel, and adjusted aimpoint to provide the full
ballistic solution. The weapon will fire bursting
ammunition to provide decisively violent target
effects to overmatch threat systems and will
have the ability to defeat defilade or non-line-
of-sight personnel targets. The fire control
system will be modular in design, eliminate the
need to estimate range, provide a full solution
aimpoint, and embedded training. This weapon
would be utilized by mounted and dismounted
combat soldiers. Supports: Objective Crew
Served Weapon.

Precision Offset, High Glide Aerial Delivery
of Munitions and Equipment Technology
Demonstration (94-99). This will demonstrate
revolutionary technologies for the reliable pre-
cision guided delivery of combat essential mu-
nitions and equipment using high glide wing
technology and incorporatingalow cost, modu-
lar GPS guidance and control system. This
technology will provide a 6:1 or better glide
ratio. A modular GPS guidance package was
developed and a precision high glide capability
of 500-pound payload using semi-rigid wing
technology was demonstrated in FY96. By the
end of FY99 it will demonstrate precision high
glide of a 5,000-pound payload, with a goal of
a 10,000- pound payload, using an advanced
gu1dance package and high glide wing. High
glide technology will significantly enhance the
military aerial delivery capability through



substantially higher glide ratios than are pos-
sible with ram air parachutes and will directly
benefit the initial deployment of Early Entry
Forces. Supports: RFPI ACTD, EELS and
DSA Battle Labs, and Advanced Precision Air-
borne Delivery System.

Counter Active Protection Systems (CAPS)
Technology Demonstration (96-99). The
CAPS TD will develop and demonstrate tech-
nologies/methods which canbeapplied to Anti-
Tank Guided Weapons (ATGW)forimproving
effectiveness against threatarmor equipped with
Active Protection Systems (APS).

Current technology development is concen-
trated in the following three areas:

e RF Countermeasure(RFCM)technology for
jamming or deceiving APS sensors used for
detection, acquisition, and tracking.

* Long standoff warheads for shooting from
beyond the range of APS fragment-produc-

Ing countermunitions.

¢ Ballistic hardening of ATGW to reduce vul-
nerability to fragment impact.

Supports: Close Combat Anti-Armor Weapon
System (CCAWS), Advanced Missile System-
Heavy (AMS-H), Javelin, and BAT.

Non-Lethal Weapons Technology
Demonstrations

Defense Planning Guidance, FY 1995-1999,
requires Non-lethal weapons capabilities for
light forces. Non-lethal weapons are intended
to minimize fatalities and collateral damage to
property and the environment. These weapons
add engagementoptions betweenlethal response
and show of force/demonstrations. Because of
the increasing trend of U.S. military involve-
mentin OOTW, e.g., Operation United Shield,
Military Operations in Built-Up Areas
(MOBA), and Military Operations in Urban
Terrain (MOUT), there is a need to enhance
effectiveness and survivability of U.S. forces
engaged in these operations through
the application of advanced non-lethal
technologies.

The Non-Lethal Technology Demonstrations
will provide weapon options which will make
the early entry light force significantly more
effective against the changing threats. This can
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be accomplished by adapting advanced tech-
nologies for insertion into existing weapons
platforms. The use of non-lethal weapons is
situation dependent and must be integrated
into and support all combat and non-combat
functions.

Figure ITI-H-1c depicts the Army technology
demonstrations that support the development
of non-lethal weapons and related capabilities
provided by the insertion of these weaponsinto
the force structure.

Non-Lethal Marker Munition Technology
Demonstration (96-97). This TD will evaluate
candidates for dispensability, select dye candi-
dates, and complete munition integration. In
FY98, actual firing tests at 50 meters using a
40mm M203 grenade launcher will take place
combining less than lethal and dye marking
capability upon impact with target personnel.
This munition will immobilize personnel while
clandestinely marking them for subsequentiden-
tification. Supports: Dismounted Battlespace
Battle Lab (DBBL) and Early Entry Lethality
and Survivability Battle Lab (EELS).

12 Gauge Round Technology Demonstra-
tion (96-98). Dispensed from a 12 gauge shot-
gun, numerous rounds exist which will be
demonstrated. They include a Rubber Pellet
Round, the Single Ball Round, and the Bean Bag
Round. The Rubber Pellet Round is effective in
crowd control situations where chemical muni-
tions cannot be utilized. It is effective against
individually selected targets or small groups
who are not in possession of a firearm and
who demonstrate violence or aggression against
responding soldiers. The Single Ball Round
consists of a single rubber ball, expelled down
range toward the target and is intended to be
used as a skip-fire munition. This single projec-
tile could be used in crowd control situations
and special arrests of violent suspects who are
not in possession of a firearm. The Bean Bag
Roundisabeanbag projectile whichislaunched
down range to the target and is intended to be
direct fired. It is effective against individually
selected targets or subjects who are not in pos-
session of a firearm and who demonstrate vio-
lence or aggression. These weapons could be
utilized by dismounted combat soldiers and the
U.S. Army Military Police School (USAMPS).
Supports: USAMPS, DBBL and EELS Battle
Labs, dual use (law enforcement) applications.




Electric Water Cannon Technology Demon-
stration (94-97). The objective is to build and
successfully demonstrate the non-lethal capa-
bility of electric water cannon devices which
can be manportable or vehicle mounted. The
device has been demonstrated at ranges out to
18 feet. The environmentally safe chemical
additive for increasing laminar flow has been
selected. The device would be effective for
personnel immobilization and crowd control as
well as in setting up a barrier or barricade. A
threatening visible arc can be created to increase
the deterrent value of this device. Supports:
USAMPS, DBBL and EELS Battle labs, dual

use (law enforcement) applications.

Mid-Sized Riot Control Dispenser Technol-
ogy Demonstration (95-97). The USAMPS
identified the need for a mid-sized riot control
dispenser to fill the size gap between the exist-
ing, large M33A1 and the hand-held M36 dis-
persers. The mid-sized disperser will
complement rather than replace these type clas-
sified dispersers. Objectives of the program
will be to optimize nozzle design, payload ca-
pacity, and pressurizing to achieve the range,
operation time, and weight of the system per the
USAMPS requirements. Supports: USAMPS,
DBBL and EELS Battle Labs.

Non-Lethal Entanglement Technology Dem-
onstration (95-98). The purpose is to provide
a less than lethal entanglement (and perhaps
stun) capability for the 40mm M203 Grenade
Launcher, while simultaneously retaining
"standby" lethal capability of the M16 Rifle.
Basic entanglement munition concept has ap-
plications to other large caliber and self-protec-
tion systems, and can be fielded in simple net,
sticky net, or sting-net configurations. This

projectile's effective range is 0 to 30 meters
against personnel. Supports: USAMPS, DBBL
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and EELS Battle Labs, dual use (law enforce-
ment) applications.

Electric Vehicle Stopper Technology Dem-
onstration (94-97). The goal of the Electric
Vehicle Stopper is to selectively stop moving
vehicles at a distance while minimizing injuries
to occupants and bystanders. This stopperisan
emplaced device which can be remotely acti-
vated. Coupling mechanisms and triggering
have been investigated. The effects of various
waveforms for different vehicles is ongoing re-
search. Supports: DBBL and EELS Battle
Labs, USAMPS, dual use (law enforcement)
applications.

Combustion Engine Defeat Mechanism Tech-
nology Demonstration (96-98). This TD dem-
onstrates the feasibility of using a missile as a
platform to deliver non-toxic, environmentally
friendly, less-than-lethal agents to obstruct the
filters of air-breathing mechanisms resulting in
operational failure of the mechanism. This
device would allow for reuse of the engine after
replacing the filters. A scaled demonstration of
the mechanism shutdown was successful with-
out damage to the internal parts of the mecha-
nism. Static tests with actual warheads and
representative threat targets will be used to fully
determine the feasibility of dispensing the agent
and detecting the target within operational pa-
rameters followed by actual flight tests to check
out the concept. This warhead could be inte-
grated into most missile systems, unmanned
aerial vehicles, and unmanned ground vehicles,
limited only by targets of interest and engage-
ment rates. This defeat mechanism will provide
special operations forces with multiple low-
intensity conflict/peacekeeping capabilities as
well as dual-purpose options to support law
enforcement. Supports: Current and future
missile systems, EELS and DBBL Battle Labs,
OOTW.




Soldier Systems

Our warfighting edge is the combined ef-
fect of quality people, trained to razor
sharpness, outfitted with modern equip-
ment, led by tough competent leaders, struc-
tured into appropriate forces and employed
according to up-to-date doctrine. . I am
certain the most important factor is the
soldier.

General Gordon Sullivan
Army Chief of Staff

Introduction

The Army soldier modernization effort is a
comprehensive, multifaceted program designed
to maximize the operational capabilities of the
soldier as a "battlefield system" capable of ex-
ecuting a full range of military operations by
enhancing command and control, lethality, sur-
vivability, sustainability, and mobility. The
Soldier System is generically defined as the
individual soldier and everything he/she wears,
consumes, or carries for individual use in a
tactical environment. The merit of the systems
approach to modernizing the soldier was suc-
cessfully demonstrated in the Soldier Integrated
Protective Ensemble (SIPE) Advanced Tech-
nology Demonstration (ATD), completed in

December 1992. SIPE demonstrated the en- |

hanced capabilities that could be achieved
through a modular, integrated fighting system
for the dismounted soldier. Two soldier system
programs were initiated in its wake. The Land
Warrior Engineering and Manufacturing De-
velopment (LW EMD) acquisition program was
structured to maximize currently existing/ma-
ture technologies to field a system to meet the
near-term soldier requirements. The Genera-
tion II Soldier Advanced Technology Demon-
stration (GEN II ATD) was established to
demonstrate an advanced system and to inte-
grate all the components of the 21st Century
Land Warrior (21CLW) Science and Technol-

ogy program.
At the conclusion of Phase II of the GEN 1T

program, the Army consolidated its dismounted
warrior programs (GEN II ATD and LW
EMD). 21CLW/GEN II ATD was restruc-
tured and renamed Force XXI Land Warrior

(FXXI LW). The FXXI LW 6.3 Science and
Technology program is complementary to the
U.S. Army's Land Warrior EMD Program be-
ing managed by PM Soldier. FXXI LW is also
directly linked to and coordinated with Combat
Identification (CID), Personnel Status Monitor
(PSM), Lightweight Chemical Agent Detector
(LWCAD), Integrated Sight (IS), Javelin, and
the Objective Individual Combat Weapon
(OICW). The technologies and capabilities
being developed for the dismounted soldier in
FXXILW have broad application in other areas
delineated in Chapter I11, and represent oppor-
tunities for horizontal integration into other
systems.
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Relationship to Operational
Capabilities

The five major Soldier Systems operational ca-
pabilities are: Command and Control (C2),
Lethality, Survivability, Sustainability, and
Mobility.

Command and Controlis the soldier's ability to
direct, coordinate, and control personnel, weap-
ons, equipment, information, and procedures
necessary to accomplish the mission. Com-
mand, control, and communications combined
arms compatible systems provide total situ-
ational awareness from the aggregated capabili-
ties of the soldier's radio and computer (using
the Army's emerging architecture), integrated
with digital head-mounted displays, combat ID,
and navigation aids. Improvements will focus
on individual communications, computer con-
trol systems, position navigation, information
fusing and management, visual and aural en-
hancement (including image capture and trans-
mission), and situational enhancement.

Lethality is the soldier's ability to detect, recog-

nize, and destroy the enemy targets. Lethality

systems will enhance individual, crew, and per-
sonal combat weapons with improved effec-
tiveness. The Objective Individual Combat
Weapon (OICW) ATD is the lethality compo-
nent of the Soldier System and will provide the
capability to attack defilade, non-line-of-sight
targets and targets that have gone to ground.
The LW capabilities will provide accurate, rapid,
automated target handover to indirect fire sup-
port, enhancing the lethality of the total force.




Survivability is the ability to protect oneself
against weapons effects and environmental con-
ditions. The number one requirement for sur-
vivability is a "capability to place accurate fire
on the enemy without exposing himself to fire,"
which will be accomplished through the inte-
gration of the OICW fire control and the LW
system. Survivability systems will integrate
multiple threat protection against ballistic,
flame/thermal, chemical/biological, directed
energy, surveillance, and environmental haz-
ards. Combat identification capabilities will be
integrated into soldier systems to minimize frat-
ricide. Exploitation of the digital net, coupled
with inherent enhancements, will significantly
improve the survivability of the individual sol-
dier and the entire force through increased con-
trolled dispersion and a common picture of the

battlefield.

Sustainability is the ability to maintain the force
in a tactical environment. Sustainability sys-
tems will be adaptable to all levels of operations
on the dynamic battlefield. Features include
advanced A-ration quality field rations, nutri-
tional tailoring to enhance physical and mental
performance, a capability to eat on the move,
individual purification of all water sources, and
improvements in field feeding and field ser-
vices. Sustainability also includes individual
soldier power sources for low power draw tac-
tical system components (e.g., computer/radio,
helmet system, fire control).

Mobility is the ability to move about the battle-
field with accompanying load to execute as-
signed missions. In the far term, it is envisioned
that combat load handling devices will be em-
ployed to reduce the combat load of the dis-
mounted soldier. Future mobility systems will
allow accurate rapid air insertion for personnel,
supplies,and equipmentfromultra-high to very
low altitudes at maximum airspeeds. Enhanc-
ing dismounted operations in snow and ice and
at night will also be addressed. Advanced mo-
bility sensors, coupled with the navigational
aids (e.g., GPS, digital maps/overlays), greatly
enhance the speed and accuracy of nighttime
maneuverability of the individual and unit.

The Army’s soldier modernization strategy calls
for the demonstration, development, and inte-
gration of a series of Systems and System Up-
grades (S/SUs). Soldier S/SUs have their greatest

impact in the functional areas of Dismounted
Battlespace, Battle Command, Combat Service
Support, and Early Entry. New operational
capabilities that will be afforded in each of these
functional areas are listed in Table III-I-1.

Soldier Systems
Modernization Strategy

The goal of soldier systems modernization is to
developafullyintegrated modular system which
will allow the Army to field multiple configura-
tions by tailoring software and hardware for
specificunit missionsand locations on the battle-
field. Modularity will allow Commanders and
individual soldiers to better perform their mis-
sions by carrying only the required compo-
nents, consistent with Mission, Enemy, Troops,

Terrain, and Time (METT-T).

To support planned materiel development pro-
grams for the Soldier, the Army’s Science and
Technology (S&T) community continues to
explore and demonstrate a full range of state-of-
the-art technologies. This will maximize the
soldier’s battlefield capabilities as expressed in
the Soldier Annex to the Army Modernization
Plan.

The FXXI LW system is operationally focused
on the U.S. Army Infantry, the U.S. Marine
Corps (Infantry), and the U.S. Special Opera-
tions Forces. It will be the link into the digitized
force of the future using the Army's emerging
technical architecture. The result will be en-
hanced survivability, situational awareness, and
lethality at both the individual and unit level.
Advanced technologies in microelectronics,
weaponry, and protection will be systemati-
cally applied to the individual soldier, marine,
and special operators to augment their opera-
tional capabilities to achieve maximum synergy
between human and equipment performance.
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Soldier Systems
Modernization Roadmap
Table III-I-2 presents the demonstrations and

systems which are part of the Soldier Systems
Modernization Roadmap (see Figure III-1-1).




Table III-I-1. Soldier Systems Modernization System Capabilities
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S/SU FUNCTION G/ /O UPGRADE CAPABILITIES CAPABILITIES
LETHALITY
System
Obj. Family of Small Arms [ ] ® | ®| O + Laser marker, 300m viewing range
Obj. Sniper Weapon ®@|O|O | @®| O] O| * Interface to Mini Eye-Safe Laser IR Observation Set (MELIOS)

System Upgrade

Objective Individual Combat Weapon
(OICW)/Objective Crew Served
Weapon (OCSW)

.

-

Thermal weapon sight (TWS), 550m range to detect man-sized
targets

Increased accuracy, Ph, and range

Lightweight system

Increased Ph and Pi

FLIR integrated with laser rangefinder, compass, aim light, and ID
interrogator

1000m viewing range for aim light

Full solution fire control/ballistic computer

Increased range and effectiveness of munitions

Decisive violent target effects

High hit probability

Lightweight two-man weapons

Immediate incapacitation

COMMAND AND CONTROL

System Upgrade
Land Warrior

Computer/soldier radio system with GPS (5 Ib)
Computer/secure squad radio/ soldier radio system with hand-heid
flat panel display and GPS (7 Ib}

Monochrome HMD

GPS locator

Color overlays and maps on palm top display

Automated reporting software

Interactive embedded training

Video capture and transfer (single frame)

NBC monitoring

Integrated high capacity tactical computer with extended range
radio (=2-3 Ib)

High resolution flat panel HMD

SINCGARS SIP gateway to higher echelons (e.g., CAC2) at
platoon

GPS plus self-contained navigation

Computer input by voice or "free screen”

Color video capture and transfer (single frame plus modom)
Automated medical and NBC monitoring

Immediate incapacitation

SURVIVABILITY

System
Land Warrior [ ] O|®| @O | « HMD (fire weapon without self exposing)
« Improved Chem/Bio clothing
* Body armor
+ Laser detector
* Specs/BLEPS
SUSTAINABILITY
System Upgrades
Army Field Feeding Future [ ] O|l®| ®| O | ¢ Lightweight, low volume, shelf stable rations
* Optimized acceptance/consumption
* |mproved operational flexibility
* Performance enhancer

@ Provides Significant Capability

O Provides Some Capability
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Table III-I-2. Soldier Systems Demonstration and System Summary

ATDs TECHNOLOGY DEMONSTRATIONS

Force XXI Land Warrior (FXX!I LW)
Multipurpose Individual Munition/Predator
Objective Crew Served Weapon (OCSW)
Integrated Sight

High Heat Food Stabilization

Objective Personal Weapon (OPW)
Objective Sniper Weapon

Performance Enhancing Demos

 Objective Individual Combat Weapon (OICW)
ACTDs
» Military Operations in Urban Terrain

(For additional information, see Vol. Il, Annex B.)

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS

Systems

Land Warrior (EMD and FXXI LW S&T)
Objective Family of Small Arms
Objective Sniper Weapon

System Upgrades
Army Field Feeding Future
OICwW, OCSW

Command and Control
Demonstrations

Force XXI Land Warrior (FXXILW) (96-98).
The primary objectives of FXXI LW are to

pursue:

¢ Evolutionary advanced technology develop-
ments at the component level and integration
of those technology upgrades into the LW
EMD systemarchitecture tosupportan Early
User Test (EUT).

* Revolutionary advanced technology devel-
opments that would provide more far-reach-
ing enhancements to the LW System.

* Technology efforts to help reduce the risks
associated with reaching the LW EMD Mile-
stone III on schedule.

Specific technologies to be pursued include
lighter weight helmet materials and designs,
modeling and simulation, wireless weapon and
sensor interfaces, integrated sight, enhanced
navigation, packet relay protocols for soldier
radio, system voice control, combat ID func-
tions, helmet-mounted display upgrades
(1280x1024, and low power 640x480), handheld
color displays, and head orientation sensor. In
addition to these technologies, integration of
PSM and LWCAD components onto the LW
platform will also be accomplished. Future
upgrades to the LW system will include elec-
tronically coupled indirect night vision, digital
image processing, optimized computer archi-
tecture concepts, and interfaces to future infan-
try systems such as the Objective Individual
Combat Weapon (OICW).
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FXXILW will perform risk reduction efforts to
assistinfielding the LW EMD System on sched-
ule. Theseeffortsinclude pursuinglighter weight
helmet materials, design, and integration varia-
tions to reduce weight and optimize CG; utiliz-
ing rapid prototyping and load assessment
capabilities; and leveraging Modular Body Ar-
mor/Load Bearing Programs. Modeling and
simulation will be used to evaluate FXXI LW
performance characteristics such as survivabil-
ity and lethality. Constructive system model-
ing, virtual s1mulat10n, and other tools will be
used to examine the contribution of FXXI L'W
capabilities to future military organizations en-
gaged in force-on-force combat engagements.
This program will make extensive use of Inte-
grated Product and Process Development
(IPPD) to ensure that critical manufacturing
processes are developed in parallel to the design
of the technical components. This approach
will ensure a viable, affordable, and producible
product which will perform as expected in the

field.

A two-phase EUT will assess the viability of the
evolutionary enhancements that are integrated
into Pre-production Qualification Test (PPQT)
LW EMD Systems. The EUT evaluation, con-
ducted at the squad level, will be a field test
utilizing Land Warrior systems configured with
FXXI LW evolutionary insertion candidates
and availablerevolutionary operational enhance-
ments. This strategy will accelerate the fielding
of technology upgrades and ensure the U.S.
maintains a global technology overmatch for
dismounted warrior combat systems.




Figure III-I-1. Roadmap for Soldier Systems Modernization
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Lethality Demonstrations

The lethality demonstrations will focus on
weapons, munitions, and target detection and
acquisition.

Objective Individual Combat Weapon
(OICW) ATD (94-99). The OICW, as defined
in the Joint Service Small Arms Master Plan
(JSSAMP) and the approved Mission Need
Statement (MINS), is the next generation “indi-
vidual” weapon envisioned to replace some of
the current inventory of small arms weapon
systems. Two OICW concepts are being devel-
oped by competing contractor teams. Both
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concepts include kinetic energy (5.56 mm) and
airburst (20 mm) munitions. A significant new
capability afforded by OICW will be the ability
to defeat targets in defilade using bursting mu-
nitions. This ATD will demonstrate the poten-
tial of the OICW to provide an overmatch
against threat infantry soldiers, as required in
the JSSAMP. It will involve realistic opera-
tional assessments with troops and key on the
soldier’s ability to acquire and defeat targets.
The performance potential of the OICW will be
assessed against the baseline M16A2/M203
and the modular weapon. Measures of effec-
tiveness include probability of hit, probability




of incapacitation, kills per combat load, and
cost per kill. The significant potential of the
OICW in an urban environment will be dem-
onstrated in the Military Operations in Urban
Terrain (MOUT) ACTD. The technologies
exploited to achieve the overmatch capability
include high strength, ultralightweight materi-
als, high tech miniaturized fuzing, high explo-
sive air bursting projectiles, electronic ranging,
ballistic computation, reticle displacement, video

sighting and sophisticated fire control devices.
Supports: OICW and MOUT ACTD.

Multipurpose Individual Munition/SRAW
(MPIM/SRAW) Technology Demonstration
(95-97). This effort provides for a technology
demonstration of alightweight, shoulder-fired,
multiple purpose weapon. The objective of the
demonstration is to integrate the MPIM war-
head with the USMC SRAW system and dem-
onstrate the capability to defeat a variety of
targets while also being able to be safely fired
from an enclosure. It will enhance soldier le-
thality by providing the infantry with one
weapon capable of defeating enemy forces in
buildings, bunkers, and lightly armored ve-
hicles. The system will have tremendously
increased lethality over the current shoulder-
fired systems as well as being multiple target
capable. System design will allow for growth
service life extension, and technology insertion
to support the U.S. Army mission of crisis
response to regionally based threat. Assess-
ments will use MPIM/SRAW in appropriate
scenarios (e.g., MOUT). Supports: MOUT
ACTD.

The Objective Crew-Served Weapon (OCSW)
Technology Demonstration (96-00). Part of
the Objective Family of Small Arms, the OCSW
demo will support the two-man, crew-served
weapon outlined in the JSSAMP. This demon-
stration will establish the feasibility of a light-
weight, two-man portable crew-served weapon
system capable of defeating personnel and light
vehicle targets to 2000 meters. This TD is
discussed in further detail in Section H, Close
Combat Light. Supports: MOUT ACTD.

Integrated Sight (IS) Technology Demon-
stration (94-98). The IS TD will develop and
demonstrate optimum components and inte-
gration of a thermal imager, laser rangefinder,
electronic compass, and near IR pointer into a
compact sighting system. Imagery and data
will be output to the LW HMD and soldier's
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computer. These technologies will provide the
soldier with extended range and automated tar-
geting capabilities. IS also supports advanced
weapons, including the OICW and OCSW.
Supports: Lightweight Laser Designator/
Rangefinder (which incorporates IS technolo-
gies and/or components in their fire control).

Survivability Demonstrations

Force XXI Land Warrior (FXXI LW) (96-98).
FXXI LW encompasses inherent survivability
enhancements, as well as the integration of sev-
eral survivability components. Inherent en-
hancementsinclude advanced, lightweight body
armor providing small arms and fragmentation
protection in the ballistic helmet shell, and sys-
tem signature reduction/control (e.g., visual,
near IR, thermal, electronic). Other survivabil-
ity enhancement components include the Per-
sonnel Status Monitor (DARPA) and the
Lightweight Chemical Agent Detector. The
Personnel Status Monitor consists of a suite of
non-invasive biosensors linked to the LW com-
puter/radio, providing the capability to rapidly
prioritize and locate combat casualties (via the
computer-embedded GPS and linkage to the
digital net), as well as improving casualty care
via access to the biomedical data saved in the
computer/radio. The Lightweight Chemical
Agent Detector will link to the LW computer/
radio and helmet, delivering a warning to the
soldier that a contaminated area had been en-
tered. The linkage to the digital net will, in turn,
provide a warning to higher echelons of the
coordinates of the contaminated area to allow
other units to avoid that area.

Other Soldier Systems
Demonstrations

Military Operations in Urban Terrain
(MOUT) ACTD (98-02). The MOUT ACTD
is a joint (Army/Marine Corps) program that
encompasses a breadth of technologies ranging
from an advanced soldier system, advanced in-
dividual precision weapons, combat identifica-
tion, counter-sniper, non-lethal weapons,
advanced sensors, situational awareness, and
personal protection. The core capability that
will be generated via the ACTD is a linkage of a
series of advanced systems/components into a
MOUT "System of Systems" whereby the com-
ponents are interfaced, integrated, or linked in
an architecture to ensure their effective




interoperability and functionality in the chal-
lenging MOUT environment. The integrated
MOUT System of Systems will provide a ro-
bust and enhanced joint operational capability
encompassing the areas of urban command,
control, communication, computers, and intel-
ligence (C4I); engagement; and force projec-
tion. Supports: Upgrades to Force XXI Land
Warrior.

High Heat Food Stabilization Demonstra-
tions (94-97). To enhance high heat stability
and quality of individual rations, technology
insertions are planned to include: reformula-
tion using heat-tolerant ingredients; raising
microviscosity by manipulating glass transition
temperature to minimize deteriorative physical
and chemical reactions, and improve nutrient
bioavailability at high temperatures. State-of-
the-art shelf-life indicators and rapid quantita-
tive food quality prediction and assessment
methods/kitsare being developed to ensure that
only high quality rations reach the individual
soldier on the battlefield. Supports: Army
Field Feeding Future.

Performance Enhancing Demonstrations
(95-98). Special supplemental components
containing performance enhancing ingredi-
ents will be developed and demonstrated to
enhance performanceunder stressful conditions
during sustained operations. These compo-
nents will supplement the Individual Combat
Ration to heighten alertness, extend endurance,
and reduce the effects of high altitude sickness.
Supports: Army Field Feeding Future.

Objective Personal Weapon (OPW) (04-09).
The OPW is the side arm of the future. It will
provide increased accuracy and incapacitation
for close-in self-defense in last ditch combat
situations, as well as some extended offensive
capability in special operations, military police

operations, and dignitary protection. The envi-
sioned OPW will employ technically advanced,
leap-ahead concepts, and technologies thatspan
the entire electromagnetic spectrum, yielding
incapacitating mechanisms of a non-conven-
tional nature. It will be capable of immediate
incapacitation (target ceases to remain a threat)
out to 50 meters against personnel with body
armor. [twill have substantially increased accu-
racy, hit probability, and target effects. This
lightweight system will not exceed 3 pounds
and will be user friendly with hands-free carry.
It will provide multiple engagement capability
and be operational day or night, in all weather
conditions, on land/sea/surf/air. Supports:
Objective Family of Small Arms.

Objective Sniper Weapon (OSW) Technol-
ogy Demonstration (97-02). The OSW is the
single sniper weapon which will achieve the
required future capabilities of the joint sniper
communities, to include conventional military,
special operations forces, and law enforcement.
Its increased precision and range will enable the
sniper to more effectively engage targets, hu-
man (protected or unprotected), and light mate-
riel, out to 2,000 meters. It will have increased
accuracy and hit probability. This lightweight
system will be operational day or night; in all
weather conditions; on land, sea, or air; and will
weigh 10 to 15 pounds Supports Objective
Sniper Weapon.
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Relationship to Army
Modernization Plan
Annexes

The Soldier Systems S/SU linkages with other

Army Modernization Plan Annexes are shown
in Figure I11-1-2.




Figure III-]I-2. Correlation Between Soldier Systems S/SU/ACs and Other Army Modernization Plan Annexes
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Combat Health
Support

The mission of the Army Medical Depart-
ment is to provide world class combat casu-
alty care to America's most precious
resource, its sons and daughters, in peace
and war.

GEN Maxwell R. Thurman (Sept. 95)

Introduction

The major goals of the Army Combat Health
Support (CHS) science and technology pro-
gram are threefold: first, to prevent illness and
injury; second, to sustain optimum military
effectiveness; and, third, to treat casualties. The
greatest payoff from the investment in CHS
science and technology comes from the identi-
fication of medical countermeasures which
eliminate health hazards. Preventive measures
include biomedical technologies, information
and materiel to protect the force frominfectious
disease, environmental injury, health hazards of
combat systems, operational stress, and aggres-
sor weapons (i.e., conventional, chemical, bio-
logical, or directed energy systems).

Medical research provides vaccines, pretreat-
ment drugs, and training strategies which maxi-
mize the readiness of soldiers to deploy and
fight. Medical research assists leaders in opti-
mizing warfighting capabilities across the full
continuum of conflict, from peacekeeping to
high intensity combat. Medical research also
provides the means to maximize far-forward
diagnosis, treatment, and return-to-duty of com-
bat casualties. Military-unique medical contri-
butions include such items as field-deployable
diagnostic kits, chemical and biological anti-
dotes, resuscitative devices, blood preservatives,
and enhanced medical evacuation platforms.

Relationship to Operational
Capabilities

Key points in developing Combat Health Sup-
port are the scenario and METT-T (mission,
enemy, terrain, troops available, and time), as
well as the medical intelligence assessment of

the battlefield, which includes threats to the
health of the soldier. Thelevel of confidence for
success of the force during operations will be
greater if the force is psychologically, physi-
cally, and nutritionally fit, protected from ill-
ness through a vigorous vaccination program,
and sustained through state-of-the-art medical
care as limited by the battlefield environment.
As battle and non-battle health threats are re-
duced, casualties and force requirements will be
reduced correspondingly. Fulfilling the vision
of each of the Battle Labs will require significant
input from the military medical S&T commu-
nity. Examples of medical technologies impact-
ing upon Army operations and the Battle Labs
are: vaccines; pretreatments and treatments
against biological and chemical threats; nutri-
tional strategies; medical information products;
environmental and behavioral performance
models; improved capability for far-forward
surgical stabilization of combat casualties; en-
hanced ground and aeromedical evacuation; and
medical telepresence technologies.

Combat Health Support modernization opera-
tional capabilities supporting Early Entry,
Mounted and Dismounted Battlespace, and

Combat Service Support appear on Table
[11-]-1.

IIL-J-1

Combat Health Support
Modernization Strategy

Modernization efforts focus on the develop-
ment of medical materiel, through a DoD drug
and vaccine program, for countering potential
mission aborting infectious diseases as well as
chemical and biological warfare agents. Such
drugs and vaccines are not normally developed
by the U.S. pharmaceutical industry. Addi-
tional capabilities of the medical program in-
clude technologies supporting far-forward
casualty treatment; individual sustainment (self
aid devices and techniques) to reduce the sever-
ity of ballistic, thermal, and directed energy
injuries; topical skin protectants; blood substi-
tutes; and miniature and filmless x-rays. The
modernization strategy also addresses nutri-
tional and physiological approaches to mini-
mize the impact of military operational stresses
which degrade the capabilities of, or render
inoperable, the human component of combat
systems.




S/SU/AC FUNCTION

Table I1I-J-1. Combat Health Support Modernization System Capabilities

| BATTLEFIELD DYNAMICS |

SYSTEM/SYSTEM
UPGRADE CAPABILITIES

ADVANCED CONCEPT
CAPABILITIES

MEDICAL DEFENSE AGAINST
INFECTIOUS DISEASE

Systems/System Upgrades
Advanced Concepts

Vaccine against blood and
tissue stages of malaria
Antimalaria drug for drug-
resistant malarias

Vaccine against Campylobactor
Vaccine for hemorrhagic fevers
Topical insect repellent

* E. Coli-Shigella sonnei hybrid
vaccine

* Paromomycin topical anti-
leishmanial drug

¢ Artemisinin antimalaria drug

* Live attenuated Dengue vaccine

* Vaccine against HIV

MEDICAL BIOLOGICAL
DEFENSE

Systems/System Upgrades
Advanced Concepts

Ricin subunit vaccine
Encephalomyelitis vaccines
Botulinum toxoid
Staphylococcal Enterotoxin B
(SEB) toxoid

Rapid identification/diagnosis kit

» Definitive diagnostic capabilities

* Immunization against biological
threat agents

* Multiagent vaccine against
biologica! threat agents

* Pretreatment against biological
threat agents

MEDICAL CHEMICAL
DEFENSE

Systems/System Upgrades
Advanced Concepts

* Cyanide pretreatment

Field diagnostic test kit, nerve
agent exposure

Improved chemical casualty
management system

Topical skin protectant
Nerve agent multichambered
autoinjector

* Biologically active countermeas-
ure for chemical warfare agents

* Advanced skin/wound decon-
tamination system

¢ Vesicant and respiratory agent
therapy

* Advanced anticonvulsant

» Reactive topical skin protectant

COMBAT CASUALTY CARE

Systems/System Upgrades
Advanced Concepts

Low volume resuscitation
solutions

Tissue adhesives for
hemorrhage control

Bone marrow infusion device
Thawed blood storage solution
Microencapsulated antibiotics
Upgrade evacuation platform,
enhanced in-route care, and
field anesthesia machine

* Microwave warmer for resuscita-
tion fluid and blood

¢ Drugs to prevent immuno-
suppression and sepsis

* Medical diagnostics and
communications for casualty
care

¢ Hibernation drug

* Cell/organ preservation drug

» Hemorrhage control agents and
devices

ARMY OPERATIONAL
MEDICINE

Systems/System Upgrades
Advanced Concepts
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Reduction and prevention of
operational stress

Paratrooper ankle brace
Anti-endotoxin antibody for heat
stroke treatment

Nutritiona! supplements

¢ Vision-corrective eyewear
integrated with headgear

* Performance enhancement via
nutrition

* Sleep and alertness
enhancement

@ Provides Significant Capability

O Provides Some Capability
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4 The FDA requires that a medical product (e.g,,
* Combat Health Su pport vaccine, medical device, or drug) have demon-

Modernization Road map strated preclinical safety and efficacy prior to

the product’s evaluation in man. Thus the
medical system acquisition process has led to
a tailored Life Cycle System Management
Model for medical materiel. It is in the TD
phase of the medical materiel life cycle that
technology candidates are fully evaluated for
pre-clinical (prior to human use) safety and
efficacy. The best candidates are then selected
for transition. Descriptions of major technol-
ogy demonstrations are provided on the fol-
lowing pages. Dates provided in the text reflect

Table III-J-2 presents a summary of demon-
strations and systems listed in the Combat
Health Support Modernization Roadmap (Fig-
ure III-J-1). Army medical S&T programs
support a diversity of non-materiel advanced
developmenttechnology demonstrations (TDs).
Unlike most non-medical TDs, medical TDs
must be conducted in a laboratory, rather than
in the field environment, because of the regula-
tory requirements placed on medical materiel

by the U.S. Food and Drug Administration the timeline of the product from technology
(FDA) ' base research to development (Medical Mile-
’ stone I).

Table IT1-J-2. Combat Health Support Demonstration and System Summary

ATDs TECHNOLOGY DEMONSTRATIONS
Although there are currently no Army Medical Defense Against Infectious Disease
Medical ATDs, the DoD Drug and Vaccine * Vaccine Vectors
Program, for which the Army is the Lead * Proteosome Complex Vaccines
Agent, is an ATD equivalent. » Chimeric RNA Vaccines

* Computer Assisted Drug Design

* Advanced Adjuvants

Medical Biological Defense

¢ Synthetic Vaccines

* Mouse Monoclonal Antibodies

* Nucleic-acid Diagnostic Tests
Medical Chemical Defense

* Field Diagnostic Test Kit, Nerve Agent Exposure
¢ Cyanide Pretreatment

Combat Casualty Care

* Prevention of Cell/Organ Failure

* Reduce Metabolic Demands

¢ Far Forward Care

* Forward Treatment Techniques

* Head Injury Therapeutic Technology
Army Operational Medicine

¢ Sleep and Alertness Enhancement

* Operational Stress Countermeasures
* Blast Overpressure

» Microwave Bioeffects

» Environmental Stress Countermeasures

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS

Systems/System Upgrades Advanced Concepts

* Medical Defense Against Infectious Disease * Genetically Engineered Vaccines

* Medical Biological Defense  Biological Casualty Prophylaxis

* Medical Chemical Defense » Chemical Agent Prophylaxis

¢ Combat Casualty Care ¢ Far Forward Casualty Management

* Army Operational Medicine » Performance Enhancing Compounds and

Protective Devices
* Medical Information and Knowledge Products

11-J-3




Figure III-J-1. Roadmap for Combat Health Support Modernization

SYSTEMS / SYSTEM
UPGRADES 1 97 1 98 1 99 | 00 1 01 | 02 03[ 041 O5 06 07| 08|
Medical Defense Proteosome EMD
Against Infectious Complex Vaccine
Disease
Vaccine Vectors EMD
Chimeric -~ 0 eered
RNA EMD =
Vaccine
Computer Assisted EMD
Drug Design
Advanced
Adjuvants EMD
Medical Biological Isymheﬁc\,accines EMD
DefenSe 10100
(Defense Funded) Vouse ;
Monoclonal EMD Prop
Antibodies
Nucleic
Acid-based
Diagnostic EMD
Tests
Medical Chemical Cyanide EMD Chemical Agent
Defense ment Prophylaxis
(Defense Funded)
Diagnostic
Test Kit, Far-Forward Casualty
Nerve EMD Management
Agent
Exposure
Combat Forward Treatment
Casualty Care Techniques

Army
Operational
Medicine

Far-Forward Care

Head Injury Therapeutics

Prevention of Cell/Organ Failure

Reduce Metabolic Demands

ul

Sleep and
Alertness

Enhance-
ment

Operational Stress

Countermeasures

Environ-
mental

Stress
Counter-
measures

Biast Overpressure

i

Microwave Bioeffects

Medical Information and
Knowledge Products

Enhancing Compounds
and Protective Devices

Performance-

Advanced
Concepts

I11-J-4




Demonstrations Supporting System
of Medical Defense Against
Infectious Disease

Successful development of a vaccine for ma-
laria, bacterial diarrhea, insect-borne viruses, or
human-immunodeficiency virus depends on
innovative methodology. Several genetic engi-
neering technologies are being used to develop
new vaccines that can be given orally; provide
long-lasting protection with fewer doses; or
protect the soldier from multiple diseases with
a single product.

Vaccine Vectors (89-98). Mutant auxotrophic
vectors are live bacteria which have a limited
ability to reproduce within man. Presentation
of the vaccine by live bacteria markedly en-
hances the effectiveness of the vaccine, while the
use of auxotrophic bacteria as carriers limits the
period of infection and thus improves the safety
of the vaccine. Supports: Genetically-Engi-
neered Vaccines.

Proteosome Complex Vaccines (90-98). The
use of antigens encapsulated in protein struc-
tures called proteosomes leads to a markedly
increased recognition of the antigen by the
body’s immune system. This results in a more
highly effective vaccine. Supports: Geneti-
cally-Engineered Vaccines.

Chimeric RNA Vaccines (87-97). Introducing
the genetic material from disease producing
bacteria into innocuous bacteria produces a
chimeric organism incapable of producing dis-
ease by itself. However, the organism can pro-
duce the antigens of the pathogen which will
safely induce protective immunity in man. Sup-
ports: Genetically-Engineered Vaccines.

Computer-Assisted Drug Design (95-98).
Determination of the three-dimensional struc-
ture of drug and vaccine target molecules will
allow the design of specific complementary
drugs and vaccines which will inhibit the func-
tion of key biological processes in infectious
organisms, providing immunity to infection or
novel drugs for treating disease. Supports:
Genetically-Engineered Vaccines.

Advanced Adjuvants (95-98). Coupling vac-
cine components to certain stimulatory mol-
ecules results in a substantial increase in the
immune system's response to vaccination. Sup-
ports: Genetically-Engineered Vaccines.

11-J-5

Demonstrations Supporting System
of Medical Biological Defense
(Defense Funded)

Synthetic Vaccines (93-98). This will develop
vaccines utilizing an artificial process to pro-
duce a product which mimics a natural antigen.
This will result in vaccines that are safer and
cheaper to produce, and safer to use as vaccines.
Supports: Biological Casualty Prophylaxis.

Mouse Monoclonal Antibodies (93-97). This
demonstration allows for production of sensi-
tive and specific reagents for diagnosis of ser-
vicemembers exposed to biological threatagents.
Supports: Biological Casualty Prophylaxis.

Nucleic-Acid Diagnostic Tests (95-97). Ex-
tremely sensitive DNA/RNA amplification
techniques are being configured on microchip,
probes, and membrane read-out systems. This
will provide rapid, sensitive, and specific confir-
mation of select biological threat agents in clini-
cal materials. Supports: Biological Casualty
Prophylaxis.

Demonstrations Supporting System
of Medical Chemical Defense
(Defense Funded)

Cyanide Pretreatment (94-97). A methemo-
globin former will be used as an oral pretreat-
mentto protect soldiers against battlefield levels
of cyanide. Methemoglobin preferentially binds
cyanide, removing it from the toxic active site,
thereby restoring normal cellular respiration.
The lead candidate compound is an 8-
aminoquinoline which is undergoing evalua-
tionfor safety and efficacy. Supports: Chemical
Agent Prophylaxis.

Diagnostic Field Test Kit, Nerve Agent Expo-
sure (95-97). This field test kit will measure
cholinesterase for the diagnosis of moderate
exposure to organophosphate nerve agents. This
kit, which uses the hemoglobin-adjusted red
blood cell acetylcholinesterase test method, will
offer high test reliability and ease of use in field
settings, and will significantly enhance diagno-
sis, screening, and epidemiology of nerve agent
exposure. Supports: Far-Forward Casualty
Management.




Demonstrations Supporting System
of Combat Casualty Care

Forward Treatment Techniques (93-99). This
demonstration will provide biologics and for-
ward treatment intervention regimens for the
prevention of brain/spinal damage, immuno-
suppression, sepsis, and general organ failure
following shock and other major battlefield
trauma. Supports: Far-Forward Casualty
Management.

Far-Forward Care (93-01). This demonstra-
tion will enhance forward battlefield capability
to resuscitate following hemorrhage, integrate
physiologic monitoring and other life support
equipment, and provide expert consultative sys-
tems for diagnosis, triage, and treatment of
combat casualties. Supports: Far-Forward
Casualty Management.

Head Injury Therapeutic Technology (93-
03). This demonstration will show feasibility of
therapeutic measures which reduce the effects
of trauma to the brain and central nervous
system, thus reducing a major source of battle-
field mortality. Supports: Far-Forward Casu-
alty Management.

Prevention of Cell/Organ Failure (93-05).
This demonstration will provide biologics/
pharmaceuticals foruse far-forward in the treat-
ment of massive trauma. These compoundswill
preserve cellular function and integrity, and
reduce cell and tissue death following injury.
Reductions in cellular death will help reduce
battlefield mortality when combined with
other, state-of-the-art techniques for combat
casualty care. Supports: Far-Forward Casu-
alty Management.

Reduce Metabolic Demands (93-06). Thisdem-
onstration will provide pharmaceutical biologics
which reduce the body’s metabolic demand,
and attempt to match metabolic oxygen de-
mand to the current ability to supply oxygen to
the tissues. In this way, cells will not starve for
oxygen, and will not subsequently release toxic
metabolic by-products. Reductionsin metabo-
lism demand will help reduce battlefield mor-
tality when combined with other state-of-the-
art techniques for combat casualty care. Sup-
ports: Far-Forward Casualty Management.

e.
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Demonstrations Supporting System
of Army Operational Medicine

Sleep and Alertness Enhancement (92-97).
This will demonstrate the efficacy of pharmaco-
logic and behavioral interventions to counter-
act the effects of inadequate restorative sleep
and to enhance soldier vigilance and perfor-
mance during sustained and continuous opera-
tions. New compounds to induce sleep and to
enhance restorative value of sleep; new mea-
surement tools as rapid, reliable, and inexpen-
sive means for assessing a soldier’s level of
mental fatigue and alertness;and improved guid-
ance for individual and unit performance as a
function of sleep and work/rest cycles, all de-
signed to increase soldier effectiveness, will be
evaluated and transitioned. Supports: Per-
formance Enhancing Compounds and Protec-
tive Devices, Medical Information and
Knowledge Products.

Operational Stress Countermeasures (92-98).
This will demonstrate the efficacy of behavioral
and materiel countermeasures to sustain per-
formance during combat and OOTW. Im-
proved unit effectiveness and decreased
incidence of combat stress casualties as a result
of proactive management of operational stress
will be demonstrated. Behavioral, nutritional,
and pharmacological methods for reducing the
emotional, physical, and intellectual stress asso-
ciated with extended periods of hypervigilance,
crisis management, sleep debt, undernourish-
ment, and strenuous exercise will be validated,
as well as improved methods for far-forward
management of combat stress casualties. Sup-
ports: Performance Enhancing Compounds
and Protective Devices, Medical Information
and Knowledge Products.

Environmental Stress Countermeasures (92-
97). This will demonstrate the reliability and
utility of models to predict performance degra-
dation and casualties caused by exposure to
extreme climates (heat, cold, and high terrestrial
altitude). Models will be transitioned into op-
erational guidance which will assist small unit
leaders in planning training and military opera-
tions. Supports: Performance Enhancing Com-
pounds and Protective Devices, Medical
Information and Knowledge Products.




Blast Overpressure (92-98). This will demon-
strate the reliability and utility of improved
medical criteria for operator exposure to mili-
tary weapons systems which create blast over-

assistcommandersin planning training and mili-
tary operations. Supports: Performance En-
hancing Compounds and Protective Devices,
Medical Informationand Knowledge Products.

pressure. Models will expand to include specific
hazards for military women. Predictive models | 5.
forincorporationinto design standards for mili-
tary systems which protect soldiers and maxi-
mize system performance will be transitioned.
Supports: Performance Enhancing Compounds
and Protective Devices, Medical Information
and Knowledge Products.

Microwave Bioeffects (92-02). This will dem-
onstrate the reliability and utility of models to
predict performance degradation and injuries
caused by exposure to military systems which
produce electromagnetic radiation. Models will
expand to include specific hazards for military
women. Predictive models for incorporation
into design standards for military systems
which protect soldiers and maximize system
performance will be transitioned. Operational
guidance will also be developed which will

Relationship to
Modernization Plan
Annexes

To support the Combat Health Support Mod-
ernization Annex of the Army Modernization
Plan, new generations of medical systems and
products will be tested for technical feasibility
and operational utility. Primary emphasis will
be placed on capabilities to minimize casualties
throughimproved protection and preventionas
well as reduce treatment time for soldiers inca-
pacitated by disease or injury. The relationship
between the Combat Health Support systems
and other Army Modernization Plan Annexes
1s shown in Figure ITI-]-2.

Figure III-J-2. Correlation Between Combat Health Support S/SU/ACs and Other Army Modernization Plan

Annexes
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Nuclear,
Biological,
Chemical (NBC)
(Defense Funded)

The proliferation of these horrific weapons
presents a grave and urgent risk to the
United States and our citizens, allies, and
troops abroad. Reducing this risk is an
absolute priority of the United States.
Pentagon Threat Assessment,
"Proliferation: Threat and
Response," April 11, 1996

Introduction

Joint Service Program

In response to congressional interest in the
readiness and effectiveness of U.S. NBC war-
fare defenses, Title XVII of the National De-
fense Authorization Act for Fiscal Year 1994
(Public Law 103-160) required the Department
of Defense to consolidate managementand over-
sight of the Chemical and Biological (CB) War-
fare Defense program into a single office within
the Office of the Secretary of Defense (OSD)
and to execute oversight of the program through
the Defense Acquisition Board process. The
public law also designated the Army as the
Executive Agent for coordination and integra-
tion of the program, and consolidates NBC
warfare defense training activities at the U.S.
Army Chemical School. In addition, all Ser-
vices' funding requests are now combined into
a single program element for each of the
funding categories (research, development, test,
and evaluation, etc.). This process consolidates
individual Service requirements and develop-
ment efforts into a true joint program of com-
mon requirements, research, and development
efforts.

The NBC section of the Army Science and
Technology Master Plan reflects a joint Service
technology base strategy for CB defense. The
strategy herein is consistent with the Army
Modernization Plan, the Joint Service NBC
Modernization Plan, the Joint Service NBC
Defense RDA Plan, and the DoD Chemical
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Biological Defense Technology Area Plan. The
Army program in Smoke/Obscurants and Tar-
get Defeating Technologies (flame incendiary,
antimaterial, riot control) is not a part of the
joint CB Defense Program, but is included as a
traditional part of the Army NBC defense mis-
sion area.

NBC Mission Area

Any nation with the will and the necessary
resources can develop a formidable offensive
nuclear, biological, and chemical warfare capa-
bility. They can readily turn their legitimate
nuclear, medical, biotechnology, and chemical
facilities to the development of NBC weapons.
Additionally, the sale of technology and loss of
control over Weapons of Mass Destruction
(WMD) in various world regions increases the
risk of WMD being employed against the United
States and its allies during contingency opera-
tions. Potential for terrorist use of NBC mate-
rials against U.S. or allied operations is a very
real threat. The Tokyo, Japan, subway incident
underscores the potential of terrorist activity
involving NBC materials. Despite existing trea-
tiesand ongoing treaty negomatlons NBCweap-
ons proliferation is a continuing threat.

The objectives of the NBC Mission Area are to
provide U.S. forces with the capability to detect
and survive an initial NBC attack and to effec-
tively sustain mission operations with minimal
casualties and equipment degradation; to pro-
vide electro-optical obscuration material to
screen U.S. assets from enemy Precision
Guided Weapons and Reconnaissance, Surveil-
lance, and Target Acquisition (RSTA); and to
provide smoke/obscurants and target defeating
capabilities which allow achievement of mili-
tary objectives with minimal collateral damage.
The technology investment in support of these
objectives is covered below.

Relationship to Operational
Capabilities

NBC modernization efforts reflect the needs of
the Joint Services. Throughaseries of wargames
sponsored by the TRADOC Battle Labs, the
“Voice of the Warfighters” is being captured for
both wartime and other military missions. Table
I11-K-1 represents the link between NBC Sys-
tems/System Upgrades/Advanced Concepts (5/
SU/ACs) and Battlefield Dynamics.




Table ITI-K-1. NBC Systems Capabilities
| BATTLEFIELD DYNAMICS |
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S/ &/ S/ /S SYSTEM/SYSTEM ADVANCED CONCEPT
S/SU/AC FUNCTION A VATAY A A UPGRADE CAPABILITIES CAPABILITIES
DETECTION
Systems/System Upgrades Chemical: Chemical:
Chemical Detectors ®|OC|®|® ] ®| ® |+ Chemical Earlly Waming contamination monitoring system | ¢ Long range chemical imaging detector for aircraft,
Biological Detectors ® [ BN BE BN ] that quantifies, ranges, and maps UAVs, and high altitude aircraft
¢ Miniature chemical detector
* Chemical water monitor Biological:
» Generic biodetection and identification at asymptomatic
Advanced Concepts Biological: levels
Chemical Detectors |0 |® | ®| ®] O | BioEarly Waming up to 50 km » Rapid automated biodetection
Biological Detectors [ ) ® | ® | ®| ® | Biopoint detection + ID system « 1D of bioagents at increased sensitivities (1 ACPLA)

PROTECTION AND
SURVIVABILITY

Systems/System Upgrades
Individua! Protection [ ] Ol|@® O |+ Integrated respiratory protection: communication, vision,
and compatibility with weapon sights

Reduced physiological burden and mission degradation
Increased confidence in CB protective equipment

Improved entry/exit of collective protected combat
vehicles

Advanced integrated filtration with environmental support
systems

Regenerable filtration system tailored to host system
Reduced logistic support

Continuous filtration tailored to light vehicles

Collective Protection [ BEoRE BN BN |

Advanced Concepts
Individual Protection [ ] O|® (@]

» Residual life indicator for filters
* Regenerable filtration (vapor and particulate)

SUSTAINMENT

Systems/System Upgrades
Decontamination ® [ BN J

Decon downtime reduced
Less labor intensive

Advanced Concepts
Decontamination o [eRNe} ®

All agent decon

Decon without water

Less labor intensive decon

Rapid, self-decon coatings

Imaging detector to highlight contaminated areas and
decon efficacy

Corrosivity eliminated

Environmentally safe

COUNTER RSTA/DECEPTION

Target Defeat Capabilities

System/System Upgrades
Smoke/Obscurants [oRNoNE BN ] @ |+ Screening, camouflage, and decoy capabilities in visible,
IR, and MMW ranges

* Logistically acceptable

* Environmentally safe * Smart weapons defeat capability
Advanced Concepts * EO marker for Combat ID
Smoke/Obscurants [ ANeRE BEK J * DEW defeating obscuration
MANEUVER/FIRE SUPPORT
Advanced Concept

Defeat/immobilize enemy threat equipment, i.e., trucks,
tanks

Close-in fire support for SOF, MOUT

Increased first kill capability of hardened targets
Large area defeat of enemy threat equipment

@ Provides Significant Capabilty O Provides Some Capability
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Modernization Strategy

The NBC Modernization strategy reflected in
this chapter represents the emerging joint NBC
defense strategy in Detection, Protection, De-
contamination, and the Army strategy in Smoke/
Obscurants. The joint NBC modernization
strategy 1is focused on biological agent point
detection, and remote early warning detection
(chemical and biological). Efforts in Decon-
tamination and Individual Protection, recently
atalow level, are being increased in recognition
of their payoff to sustainment of the forces and
increased mobility. Collective protection ef-
forts remain significantly reduced and refo-
cused to provide far term capabilities. A
capability to identify significant improvements
in decontamination is being maintained. Also
included in the NBC section is a subsection
on Smoke/Obscurants and Target Defeating
technologies.

NBC Defense

Protecting the Force is paramount in the joint
NBC defense strategy. Early detection and
warning is key to this strategy by providing
situational awareness and the capability of U.S.
forces to counter any NBC threat. Chemical
and Biological detection systems, fully inte-
grated in the digital battlefield, will enable battle-
field commanders to detect NBC warfare agents
at operationally significant levels and immedi-
ately activate protective or avoidance measures.
Decision aids will assist commanders at all lev-
els. The goal of protection is to insulate forces
from NBC agents using clothing ensembles and
respirators as well as collective filtration sys-
tems for weapons systems and shelters. By
carefully balancing performance requirements
with human physiological and psychological
parameters, individual protection technologies
will enable the forces to sustain their mission
with minimal casualties or degradation of capa-
bilities when an NBC threat is encountered.
Integrated Environmental Control and longer
life NBC protection will be provided for an
increasing need in collective protection for
command posts, soldier comfort, and medical
needs. When NBC contamination cannot be
avoided, decontamination systems and point
detectors will be used to expedite reconstitution
of contaminated personneland equipment. New
decon technologies and systems will minimize
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logistics burden and reduce contamination
impact on mission effectiveness. CB modeling
and simulation technologies are being enhanced
to assess doctrine, training, and materiel operat-
ing in an NBC environment, to provide equip-
ment design parameters, and to serve as a
real-time decision aid for battlefield command-
ers. The following goals define the NBC De-

fense Strategy:
* Provide rapid field biodetection capability.

e Extend range and coverage of chemical and
biological Standoff Detection capabilities.

e Integrate chemicaland biological sensors with

the digitized battlefield.

* Maintain current protection capability while
reducing degradation associated with indi-
vidual protective equipment.

* Develop continuous, regenerable collective
protection filtration systems integrated with
environmental controls requiring minimal
logistics.

¢ Develop effective,low environmental impact
decontamination systems which do notdam-
age contaminated surface.

¢ Enhance CB modeling and simulation capa-
bilities to allow concept evaluations, hazard
assessment, and realistic training for the CB
contaminated battlefield.

Smoke/Obscurants

Smoke and obscurants provide a potent combat
multiplier for increasing the effectiveness of
certaln weapons systems, countering enemy
RSTA efforts, and supporting deception opera-
tions. The thrust of the smoke/obscurant tech-
nology strategy is:

e Enhance the capability of smoke/obscurants
to defeat enemy RSTA capabilities which
allow the maneuver forces to dominate man-
agement and control of the electromagnetic
(EM) spectrum.

Target Defeat Capabilities (TDC)

Target Defeat Capabilities will provide an in-
crease in weapons effectiveness across the spec-
trum of conflict and throughout the range of
weapons systems from soldier-fired to smart
munitions. The TDC modernization strategy is
to pursue limited, high payoff capabilities with
Strong user support:




¢ Increase the effectiveness of flame/incendi-

ary munitions to attack both large area and 4. Road map for N BC SyStemS
hardened targets.
Figures I1I-K-1a, 1b, and 1c are the roadmaps
* rsrils) Slz g;ts Ir\g?lggl/l)gail;;i};l :in?gg Orfil:: for CB Defense, Smoke/Obscurants,and TDC.
quiring op & Table I1I-K-2 summarizes the demonstrations
combatants. : . ;
and systems found in these figures. This strat-
¢ Field expedient foams for enhanced soldier egy emphasizes technology demonstrations in-
survivability. corporated into the front end of critical
e Enhance delivery of riot control agents for development programs. These demonstrations
will significantly reduce developmentrisk, verify
crowd control. . )
_ the system integration of advanced technolo-
Modernization efforts will be implemented gies, and facilitate technology insertions, where
through horizontal integration of NBC capa- possible.
bilities into major weapon systems. NBC ma-
teriel acquisition will be conducted via a. CB Defense

technology insertions, product improvements,
and advanced concepts. Integrationefforts such
as these will ensure significant gains in opera-
tional survivability and mission sustainment at
modestincremental costs. The Joint NBC mod-
ernization strategy is postured to meet the chal-
lenges facing U.S. forces in the 21st Century.

The Chemical/Biological Defense program
emphasizes detection, protection, (individual
and collective) decontamination, and modeling
and simulation. The roadmap for CB Defense
is shown in Figure ITI-K-1a.

The detection portion of CB defense is divided
into two categories: chemical detectors and
biological detectors. Both remote early warn-
ing and point detection technologies are being
pursued for chemical and biological detectors.

Table III-K-2. NBC Systems Demonstration and System Summary

TECHNOLOGY DEMONSTRATIONS

CB Defense

* Joint Service Warning and Identification LIDAR
Detector (JSWILD)

Chemical Imaging Sensor

Joint Chemical Agent Detector (JCAD)

Joint Service Agent Water Monitor (JSAWM)
Joint Warning and Reporting Network (JWARN)
Liquid Surface Detection

Joint Service General Purpose Mask (JSGPM)
Joint Service Aviation Mask (JSAM)
Percutaneous Protection

Joint Collective Protection Improvement
Chemical and Biological Decontamination
Joint Service Mini Decontamination System

» Generic Decon

Smoke/Obscurants

» Millimeter Wave Screening

*» Electro Optical System

* Multispectral Smoke

Target Defeat Capabilities

» Target Defeat Capability

ATDs

* Integrated Biodetection*

ACTD

* Air Base/Port Biological Detection (includes
chemical detection add-on)
* Biological Remote Early Warning (proposed)

*This ATD is OSD funded.

(See Volume 1, Annex B, for additional information.)

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS

Systems/System Upgrades (*) Advanced Concepts

+ Joint Service Warning and Identification LIDAR * Liquid Surface Detection
Detector (JSWILD) » Joint Biological Universal Detection System

* Joint Biological Point Detection System

» Joint Collective Protection Improvement

* Large Area Smoke System, M56 P3I (MMW
Module)

* Next Generation Aviation Mask
* Next Generation PATS

¢ Future Joint Chemical Ensemble
* Next Generation Decon Kit

» Superior Decon Solution
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Figure III-K-1a. Roadmap for CB Defense
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The goal of CB detection is to provide a real-
time capability to detect, identify, locate, map,
and quantify the presence of all CB warfare
agent threats at levels below hazardous levels
and to disseminate this information rapidly.
Current emphasis is on multi-agent sensors for
point biological agent detection and remote
early warning chemical and biological detec-
tion. In the near term, a number of individual
sensors are being developed while detection
technology matures. In particular, a miniatur-
ized chemical vapor point detector and an auto-
mated biological pointdetector will be available.
Far-term objective technologies focus on the
integration of chemical and biological detection
into asingle sensor suite. Technology emphasis
is on detection sensitivity and specificity across
the entire spectrum of CB agents, program-
mable for emerging threats, system size and
weight, detection range, and signature and false
alarm rates. Integration of CB detectors into
various platforms (vehicles and aircraft) and
C3I networks constitutes the ultimate focus of
this technology area.

The CB protection area covers technology ef-
forts to provide CB protection for the indi-
vidual warfighter as well as enclosures where
groups of personnel require collective protec-
tion from the contaminated environment. The
goal of respiratory protection technology ef-
forts is to develop the next generation respira-
tory protection equipment for the 21st Century
warfighter. This equipment will afford protec-
tion against current and future threats, mini-
mize mission degradation, and improve system
integration and compatibility; collective pro-
tection technology is focused on developing air
purification systems for buildings, shelters, ve-
hicles, aircraft, and ships that must operate in
CB warfare agent contaminated battlefield con-
ditions. Current efforts are directed at regen-
erative filtration technologies, deep-bed
impregnated carbon, and single pass filters with
novel impregnated materials to reduce overall
cost, size, weight, and power to facilitate wide-
spread application.

The goal for decontamination technologies is to
develop effective, environmentally low impact
CB decontamination systems to neutralize or
break down toxic materials without damaging
the contaminated surface or affecting the per-
formance of the equipment being decontami-
nated. This area includes decontamination of
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personnel, personal individual equipment, tac-
tical combat vehicles and equipment, sensitive
electronics, cargo areas of aircraft, seagoing ves-
sels, and critical assets in fixed sites. Due to
increased user interest, funding in this area has
been enhanced. Studies will focus on the use of
supercritical carbon dioxide, sorbents, solution
decontamination, and enzyme-based systems.

Modeling and simulation technologies are be-
ing investigated to provide enhanced command
evaluations, to integrate sensor data and to per-
mit realistic training and simulation of the CB
battlefield environment. The information gen-
erated will provide decision aids to command-
ers to allow tradeoffs among tactical options as
well as assessment of Joint Services doctrine,
training, leadership, organization, materiel, and
warfighter performance during and after a CB
attack. Modeling and simulation technologies
will be used to evaluate the battlefield value-
added potential of developmental and concep-
tual NBC systems and will become an integral
part of every development program and every
phase of the acquisition cycle. A current thrust
1s to incorporate terrain, mesoscale meteorol-
ogy, and objects such as tanks, ships, or build-
ings into CB effects hazard assessment models
and to incorporate these models into new and
existing combat simulations such as MODSAF
and Distributed Interactive Simulations (DIS).

Joint Service Warning and Identification LI-
DAR Detector (JSWILD) (98-00). This dem-
onstration willemphasizejoint service operation
with shipboard testingand airbase defense dem-
onstrations. Previous work has demonstrated
the feasibility of using IR LIDAR to detect
vapors of nerve agents and also shown great
promise in the detection of large droplets of
nerve agents. In addition, the detection of
aerosol particles of all sizes and compositions
will be demonstrated and sensitivities deter-
mined for each application. Allserviceinterfer-
ences will be identified and introduced into the
existing model for inclusion into the pattern
recognition detection algorithm during subse-
quent development. The goal of this demon-
stration is to determine capabilities and
limitations for each possible mission (ship de-
fense and fixed site defense). Supports: Airbase
Defense and Shipboard Warning, JSWILD,
JSNBCRS.




Biological Remote Early Warning Advanced
Concept Technology Demonstration (Pro-
posed) (97-01). The objective of this ACTD is
to evaluate the military utility of remote early
warning for biological warfare attacks against
U.S. forces and to develop operational proce-
duresassociated with that capability. The ACTD
will demonstrate several remote early warning
platforms. All the remote detectors will be
connected to a warning and reporting system
that promptly alerts forces who are downwind
of biological warfare agents. The ACTD will
leverage advanced biological detection tech-
nologies from the DoD counterproliferation
initiative and technology base community.
Extensive simulation will be conducted in par-
allel to evaluate the operation utility of the
remote early warning system during all phases
of warfighting operations. Supports: Joint
Biological Remote Early Warning System
(JBREWS).

Integrated Biodetection ATD (96-99). The
Integrated Biodetection ATD will demonstrate
point detection and remote early warning of
biological agents using two state-of-the-art tech-
nologies. In addition, multi-year 6.2-technol-
ogy base efforts are being carried out in both
areas to support and ensure the successful dem-
onstration of the ATD technologies in FY96-
99. The ATD will focus on point biosensors
that incorporate Automated DNA Diagnostic
technology to identify biological agents with
the highest known degree of specificity and
sensitivity 1n addition to increasing current
reliabilities, stabilities, and response times of
fielded and near-term P31 biosensors. These
state-of-the-art biological identification devices
are planned for incorporation into the Joint
Biological Point Detection System (JBPDS) as
next generation biosensors. A rapid, real-time
Biological Aerosol Warning System using small,
micro-UV laser-based, fluorescent particle
counters will also be demonstrated. Its purpose
1s to provide an early warning/alert of a threat
biological aerosol cloud to high value bartlefield
assets. The key to the demonstration is to show
the technologies in a unified effort in a battle-
field exercise providing detection and warning
of biological agents before forces are adversely
affected, thus reducing casualties. Supports:
JBPDS, Biological Standoff Detection Systems,
Air Base/Port Biodetection ACTD, Proposed
Biological Remote Early Warning ACTD.
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Air Base/Port Biological Detection ACTD
(96-00). The Air Base/Port ACTD objective is
to evaluate the military utility of an air base or
port biological detection perimeter capability
and to develop operational procedures associ-
ated with that capability. An additional objec-
tive is to provide a residual capability adequate
to detect, alarm/warn/dewarn, identify, pro-
tect, and decontaminate against a biological
warfare (BW) attack on an air base or port
facility. The air base or port residual capability
will consist of a perimeter biological detection
capability, laboratory agentidentification capa-
bility, dewarning procedures, C41 connectivity
with theater NBC reporting system, medical
countermeasures, oronasal protection, collec-
tive protection, and decontamination proce-
dures and capability. This ACTD will also
include a chemical add-on capability which will
utilize mature and available technology (passive
IR spectrometry and ion trap spectroscopy) to
automatically detectand identify chemical threat
agents in near real time (less than 30 seconds).
Additionally, this chemical add-on will provide
the CINCs a first time capability to network
legacy and emerging biological and chemical
detectorsand will produce automated warnings
and reportings for enhanced battlefield visual-
ization and force protection as defined in Joint
Vision 2010. Supports: JBPDS.

ChemicalImaging Sensor Demonstration (02-
03). This sensor will expand the capability of
current passive interferometry and signal pro-
cessing to allow long-range chemical imaging.
The sensor will be capable of detecting known
chemical agents and can be programmed to
detect other militarily significant spectral data.
Itwill also provide a visual display of the hazard
area. Extended detection range capability will
be provided for use on aircraft and high altitude
reconnaissance systems. Program will use de-
sign and performance data developed in Project
Safeguard. Supports: Wide Area Detection.

Joint Chemical Agent Detector (JCAD) (97).
The JCAD (formerly titled the Joint Service
Chemical Miniature Agent Detector) has been
accelerated to transition one year earlier than
planned. It will demonstrate an advanced light-
weight chemical detection concept capable of
selective detection of low asymptomatic/
subsymptomatic levels of chemical agents. The
demonstration will focus on small size, low
electrical power consumption, and reliable de-
tection of known chemical agents. The JCAD




will be capable of integration with Force XXI
Land Warrior (FXXI LW) sensors and com-
munication equipment. The program includes
evaluation of ion mobility spectrometry, sur-
face acoustic waveguide, and other technolo-
gies. Supports: FXXILW, Chemical Detectors
(Small Lightweight Chemical Detector).

Joint Service Agent Water Monitor (JSAWM)
(98). The Joint Service Agent Water Monitor
will demonstrate both an in-line (USAF) and a
portable batch water test capability. JSAWM
will be capable of detecting chemical agents
below therevised U.S. Army Surgeon General's
requirements for chemical agents and also be
able to detect a range of waterborne biological
agent contamination down to parts per million.
The system will rapidly evaluate water and
provide near real-time alert if water becomes
contaminated so that immediate action can
be taken to prevent ingestion by warfighters.
Supports: In-Line Water Monitor (USAF)
and Agent Water Monitor (U.S. Army

Quartermaster).

Joint Warning and Reporting Network
(JWARN) (97). JWARN (formerly titled NBC
Oracle JWARS) will demonstrate the integra-
tion of off-the-shelf versions of JWARN Sen-
sor Link (SL),JWARN Hazard Prediction Tool
(HPT), and the JWARN Automated NBC
Warning and Reporting System (ANBCWRS).
JWARN will provide commanders, military
forces, and civilian officials with near-real-time
situational awareness of NBC and WMD haz-
ards by integrating NBC sensors with Service
C4I systems to provide fully automated and
intelligent NBC and WMD prediction, warn-
ing,and reporting. Supports: JBREWS, JBPDS,
]CAD Battlefield Digitization.

Liquid Surface Detection (02-03). This effort
will culminate in the development of both ac-
tive and passive detection systems for detection
and identification of chemical agent liquid sur-
face contamination for the purpose of recon-
naissance and contamination avoidance and
decontamination effectiveness. Supports: re-
connaissance (air and ground), stand-off detec-
tion (vehlcle and fixed site), alarms/monitors,
and warning and reporting.

Joint Service General Purpose Mask (97- 98)
A variety of advanced respiratory protection
concepts are being investigated for application
to a Joint Service eye/respiratory protection
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system for ground use and possibly for use in
Army aviation applications. The general pur-
pose mask will provide protection against cur-
rent and future chemical/biological threats,
reduced physiological and psychological bur-
den and resulting mission degradation associ-
ated with individual protection equipment, and
improved integration with future soldier (i.e.,
weapons sighting systems, night vision equip-
ment, helmets and helmet-mounted displays).
Technology efforts will focus on improved fil-
ter design and filtration media, lens design and
materials, and agent resistant faceblank materi-
als. Advancements in protection and perfor-
mance testing to support assessment to
anticipated standards are included in these ef-
forts. Supports: Joint Service General Purpose
Mask, FXXI LW, and Air Warrior.

Joint Service Aviation Mask (JSAM) (98-99).
The Joint Services are supporting this technol-
ogy effort to develop a protective mask system
for high-performanceaviation requirements and
possibly for use by rotary-wing pilots (includ-
ing Army aviation). The effort will focus on
consolidation of requirements from a series of
high-performance aviation mask systems, some
of which are notintended to provide protection
against chemical or biological agents. The
"Combat Ace" mask system is a likely candi-
date for the baseline JSAM system. Various
mask technologies and designs will transition to
the JSAM program as they become available.
Supports: Joint Service Aviation Mask, FXXI
LW.

Joint Service Collective Protection Improve-
ment (formerly titled Advanced Filtration
Concepts) (98-99). Several advanced CB filtra-
tion concepts will be evaluated to prove feasi-
bility in implementing improved filtration
technologies into various combat system appli-
cations. Technologies investigated will include
regenerablefiltration systems, catalytic systems,
improved sorbents, and improved biological
filtration media. Advanced filtration concepts
demonstrate reduced size and weight potential,
improved filtration capability, elimination of
filter change out (except at scheduled mainte-
nance periods), and integration with power and
environmental control systems. Supports:
AFAS/FARYV and Comanche, NBC Collective
Protection System [Advanced Deployable Col-
lective Protection (CP) for Fixed Sites, Ad-
vanced Lightweight Collective Protection
System].




Chemical/Biological Decon (00-01). Thisdem-
onstration will consist of using a closed loop
recirculating supercritical carbon dioxide sys-
tem to remove chemical and biological materi-
als from sensitive equipment items and the use
of surbentand solution technologies for decon-
tamination of sensitive interiors. Enzyme com-
ponents will be evaluated for potential use in
surface decontamination of sensitive equipment
and other applications.  These new
decontaminants will reduce manpower con-
straints and logistics burden over presentassets.
Supports: Joint Service Sensitive Equipment
Decon System.

Joint Service Mini Decon (02-03). This pro-
gram will demonstrate a concept for a
manportable modular decon system to support
the warfighter's needs, in particular the dis-
mounted forces and the Marine Corps. En-
zyme components will be evaluated for potential
use in surface decontamination of sensitive
equipment and other applications. Supports:
Joint Service Mini-Decon System.

Generic Decon (02-03). The use of non-toxic,
material compatible, and environmentally safe
decon will be evaluated. Technologies investi-
gated will include high capacity surfactants,
sorbent systems, reactive organic solutions.
Enzyme components will be evaluated for po-
tential use in surface decontamination of sensi-

tive equipment and other applications.
ports: Joint Service Mini Decon System.

Sup-

Smoke/Obscurants

In response to the proliferation of increasingly
sophisticated RSTA capabilities throughout
the Electro-Magnetic (EM) spectrum, the
Smoke/Obscurant strategy capitalizes on tech-
nologies capable of providing multspectral
screening. These environmentally and logisti-
cally acceptable, multispectral materials will
counterenemy RSTA activitiesin broader ranges
of the EM spectrum for self-defense, large area
coverage, and projected applications. The
roadmap for Smoke/Obscurants is shown in
Figure IT1I-K-1b.

Millimeter Wave Screening (97-98). Thisdem-
onstration will determine the feasibility of a
millimeter wave (MMW) obscurant generating
system in preventing threat radars from observ-
ing, acquiring, targeting, and tracking friendly
targets. The module will expand the capability
of the current M56 Large Area Smoke Genera-
tor, which screens only the visual and infrared
(IR) bands. Aerosol technology, chemical dis-
persion techniques, and dissemination mecha-

nisms will be exploited. Supports: Smoke/
Obscurants (M56 P3I).

Figure ITI-K-1b. Roadmap for Smoke Obscurants

SYSTEM
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Electro Optical (EO) System Marking Smoke
(02-03). This demonstration will consist of a
personal smoke grenade that will release a ma-
terial detectable only by a mid- or far-IR sight-
ing device. The grenade is intended for ground
force use as a signaling device to mark landing
and drop zones. Italso has application for pilot
rescue missions and combatidentification. This
demonstration will explore cryogenics, exo-
thermic reactive materials, and reaction control
techniques. Supports: Smoke/Obscurants
(Electro-Optical System Marking Smoke).

Multispectral Smoke (03-04). This demon-
stration will exhibit the following capabilities:

e A smoke pot capable of providing visual
through MMW obscuration that will supple-

Smoke/Obscurants (MS Projected DENS).

Smart Weapons Defeat capability using a
smoke grenade system to break the target
acquisition lock of a smart weapon in IR
sensor and divert the munition from its in-
tended target. Exortermic reactive materials
and high speed dissemination techniques will
be highlighted. As a follow-on to this
effort, an Autonomous Smart Weapons
Defeat capability will be demonstrated. The
system will defeat the threat and automati-
cally activate the countermeasure for surviv-
ability. Emphasis will be in using laser
detectionin conjunction with obscurant tech-
nologies. Supports: Smoke/Obscurants (MS
Smoke Canopy).

ment and/or provide screens independent of | C, Target Defeat Capabilities (TDC)

other large area smoke systems. Smoke pots

will be kept as light as possible while provid- Future efforts in the TDC area will be directed
ing screening times equal to or greater than toward various classes of target sets through the
those of existing smoke pots. Screening ma- use of lethal combined-effects payloads and
terial will be tox1c910glcally and environ- innovative antimateriel means. These muni-
mentally safe for usein both combatsituations tions will defeat or degrade enemy armored
and training exercises. Supports: Smoke/ targets and disrupt operational tempo by ex-
Obscurants (MS Smoke Pot). ploiting vulnerable areas of armored vehicles,
¢ A Direct Energy Weapons (DEW) defeat logistic supply lines, and other militarily sig-

capability for the remote, rapid neutraliza-
tion of threat directed enemy weapons on a

nificanttargets. Theroadmap for TDCisshown
in Figure III-K-1c.

point or limited area basis. This project Target Defeat Capability (00-01). This dem-
munition will be toxicologically or environ- onstration will focus on a unique pay-
mentally safe for use in both combat situa- load concept that will increase the operational
tions and training exercises. Supports: effectiveness of conventional weapons. Flame/

Figure ITI-K-1c. Roadmap for Target Defeat Capabilities (TDC)

SYSTEMS | 96| 97 98| 99| 00 01|
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incendiary technology will be used to defeat,
degrade, or immobilize enemy targets. This
unique approach will provide both direct and
indirect fire support capabilities across the
battlefield. This concept will also demonstrate
the increase in terminal effectiveness from com-
bined effects greater than conventional war-
heads of the same caliber and explosive weight.
Energetic materials, high energy oxidizers, and
other pyrotechnics will be investigated for use
in conjunction with existing military weapon
systems. Supports: TDC [Flame Incendiary
(F/T) Indirect Fire System and Enhanced Incen-
diary Projectile].

Field Expedient Foam (98). Target Defeat
Capability also includes investigation of both
aqueous and rigid foam technologies. The rigid
foams program represents a technology investi-
gation and evaluation program, coupled with
state-of-the-art and emerging foam materials
and technologies, which could provide the abil-
ity to construct field barriers and foxhole

covers;create fragmentation barriers with Kevlar
cloth; and seal doors, windows, and other en-
trance ways. Antimateriel applications and use
as a mine countermeasure through "freezing
up" of the mine's firing mechanism are also
under investigation. The aqueous foams pro-
gram investigates aqueous foam formulations
and the ability to disseminate large volumes of
aqueous foams both for area denial and intruder
confusion. The addition of irritants to aqueous
foams for crowd denial and dispersion is also

being investigated. Supports: TDC.

Relationship to
Modernization Plan
Annexes

Figure [11-K-2 illustrates the linkage between

the NBC S/SU/ACs and the other Moderniza-
tion Plan Annexes which they support.

Figure III-K-2. Correlation Between Nuclear/Biological/Chemical S/SU/ACs and Other Army Modernization
Plan Annexes

MODERNIZATION PLAN ANNEXES

(]
@ )
= &/ s
/S /s
ol & |2 Q/%
of&l |8 YRS
SIS </l |3]F
Sfsf (8o [S[L
s/8/8 1518 |55
NUCLEAR/BIOLOGICAL/CHEMICAL SEEEENEENE
SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS [/ 5/< [ S/ &%/ [&/ S5 [S &
NBC Individual Protection [ JRell AL J O
Systems/ NBC Collective Protection 0|@|e(0] |0 ([@0]|e®
System Chemical Detectors 0/0/0|e|0|0|0] |Ole|e
Upgrades Biological Detectors ®|e|O0(®| |O|O] [O|e|@®
Smoke/Obscurants o][e] (e][e][e]le] [ ]
NBC Individual Protection olel [O] |0 e O|e
Chemical Detectors (0000 (el JL 1S
Advanced Biological Detectors o(e(O|e|O Ole|e
Concepts NBC Decontamination [ _J{(e][e) L J
Smoke/Obscurants @O (_lle]lielle; @
Target Defeat Capabilities Qle o e |0

@ System plays a significant role in the Modernization Strategy.
O System makes a contribution to the Modernization Strategy.

III-K-11




NI-K-12




L.
Air Defense
Artillery
Not the cry, but the flight of the wild duck,
leads the flock to fly and follow.
Chinese Proverb
1.

Introduction

As the 21st Century approaches, Air Defense
Artillery (ADA) must be ready to meet the
challenge of the evolving air and missile threat
while continuing to support force projection
operationsin major regional contingencies, pro-
tect the United States in coordination/coopera-
tion with joint air defense systems and execute
military operations other than war missions.
The air and missile threat is often the single
greatest risk to the successful conduct of force
projection operations, particularly during early
entry and decisive operations. With many na-
tions acquiring technologically advanced, highly
lethal weapons such as ballistic missiles, our
ADA force can expect to face a much more
diversified threat in the future. Threat capabili-
ties of other nations beyond the year 2000 will
require that the ADA force be capable of domi-
nating battlespace to achieve decisive victory by
winning quickly with minimal casualties.

The mission of ADA is to protect the force and
selected geopolitical assets from aerial attack,
missile attack, and surveillance. To meet its
mission requirements and counterthreat capa-
bilities, the ADA Force XXI must be a strategi-
cally deployable, highly mobile, and versatle
force, trained and equipped to go to war any-
where in the world on short notice and must be
highly lethal and capable of battlefield survival.
The air defense mission includes National Mis-
sile Defense (NMD) of the continental United
States and anti-satellite defense, as well as The-
ater Missile Defense (TMD), which protects the
force from theater missile attacks. Both NMD
and TMD areaddressed in Volume II, Annex D.

Successful execution of future operations will
require increased emphasis on planning and
conducting joint and multinational operations.
The capabilities of many weapons and forces
must be integrated to achieve the operational
commander's air defense objectives.

Relationship to Operational
Capabilities

Toachieve the required operational capabilities,
a balanced materiel development and demon-
stration strategy must be followed. Multifac-
eted technology base efforts have been initiated
across the full spectrum of tactical through stra-
tegic requirements. Initiatives emphasize sur-
vivable target acquisition (both passive and
active) and positive identification; cost-effec-
tive fusion of multiple sensor/processor mod-
ules into automated target acquisition and fire
control suites; multiple missile guidance modes
against the reactive threat; high energy, insensi-
tive propellants, and alternate propulsion con-
cepts; missile seeker upgrades to integrate
advanced fuzing techniques and smartfocal plane
arrays; hit-to-kill technology; mobile, light-
weight, and increased firepower; dispersed, dis-
tributed, survivable command and control (C2)
and supporting communications; and an inte-
grated training architecture that fully exploits
the materiel capability. Table III-L-1shows the
correlation between Air Defense systems/sys-
tem upgrades/advanced concepts (S/SU/ACs)
and the six TRADOC Battlefield Dynamics
and displays in general terms the operational

capabilities for Air Defense S/SU/ACs.

Modernization Strategy

The Air Defense Artillery and Theater Missile
Defense Modernization Plan annexes detail a
disciplined approach to providing air and mis-
sile defense support to both theater and maneu-
ver forces. The Air Defense Modernization
Strategy focuses on the following objectives:

* Achieve near leakproof theater missile de-
fense this decade

* Address the full threat spectrum
* Respond to warfighting doctrine

* Maintain a technological advantage
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Roadmap for Air Defense
Artillery
Table III-L-2 presents a summary of demonstra-

tions and systems found in the Air Defense Artil-
lery roadmap (Figure III-L-1). Modernization




Table ITI-L-1. Air Defense Artillery System Capabilities
I BATTLEFIELD DYNAMICS

S/SU/AC FUNCTION

SYSTEM/SYSTEM
UPGRADE CAPABILITIES

ADVANCED CONCEPT
CAPABILITIES

KILL SYSTEMS

System
ICorps SAM

System Upgrade
Patriot PAC-3
Bradley Stinger Fighting Vehicle

—Enhanced (Linebacker)

lAdvanced Concepts
Stinger Block I

* Missile defense

¢ Highly mobile

* Rapidly deployable by C-130
* Modular

* High firepower

¢ Multimode seeker

* | ethality enhancements

* Missile defense

* High firepower

» Expanded engagement
envelope

« Hit to kill

¢ Increased mobility/survivability

* 3-D surveillance and tracking

» Low radar cross section targets

* Highly mobile

» Targets in clutter

* IR counter-countermeasures

¢ Improved lethality against
helicopter

* 360 degree coverage

@ Provides Significant Capability

Table ITI-L-2. Air Defense
Artillery Demonstration
and System Summary

O Provides Some Capability

ATDs

¢ Multi-Function Staring Sensor Suite
(see Mounted Forces)

(See Volume Il, Annex B, for additional

TECHNOLOGY DEMONSTRATIONS

* Masked Targeting (MT)

¢ 2.75-Inch Anti-Air

¢ Ducted Rocket Engine (DRE)

« Future Missifte Technology Integration (FMTI)

¢ Compact Kinetic Energy Missile (CKEM)

¢ High Mobility Ground Launched AIM-120 Advanced
Medium Range Air-to-Air Missile (HMGL-AMRAAM)

* Electronic Integrated Sensor Suite for Air Defense
(EISS-AD)

* Guidance Integrated Fuzing

information) * Armicide

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS
Systems Advanced Conceplts
* Corps SAM  Stinger Block Il
System Upgrade

* Patriot PAC-3
* Bradley Stinger Fighting
Vehicle—Enhanced {Linebacker)
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Figure III-L-1. Roadmap for Air Defense Artillery Modernization
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of ADA depends upon the development of
these key systems for air defense coordination.

Advanced Technology
Demonstrations Leading to
Modernization of Air Defense
Artillery Units

Air Defense Artillery systems consist of a
complementary mix of weapons, sensors, and
command and control systems. Air Defense
Artillery modernization focuses on S/SU/AC
developments and their associated demonstra-
tions. The Multifunction Staring Sensor Suite
(MFS3) ATD will have a major impact on the
Air Defense mission. Additionally, the mission
areawillderive benefits from many other ATDs,

to include: the Rapid Force Projection Initia-
tive ACTD, the Target Acquisition and Battle-
field Combat Identification ATDs, and the
recently completed Combined Arms Command
and Control and Bistatic Radar for Weapons
Location ATDs.

Multifunction Staring Sensor Suite (MFS3)
ATD (98-01). The MFS3 ATD will integrate
multiple advanced sensor components includ-
ing staring infrared arrays, multifunction laser,
and acoustic arrays. In support of air defense, it
will demonstrate the capability for automated
surface-to-surface, surface-to-air, and air-to-
ground search, acquisition, and non-coopera-
tive identification. More detailed information
can be found in Section G, Mounted Forces.
Supports: BSFV-E (Linebacker).
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Technology Demonstrations
Leading to Modernization of Air
Defense Artillery Systems

The following are primarily focused on the Air
Defense Artillery Mission Area.

Masked Targeting (MT) Technology Demon-
stration (98-00). MT will demonstrate tech-
nologies and systems to support future air
superiority and defense requirements. The MT
concept encompasses sensors and weapons that
address both line-of-sight (LOS) and terrain
masked threats. MT will demonstrate aground-
based, organic sensor for direct targeting and a
sensor payload for tactical unmanned air ve-
hicles to provide targeting for indirect fire sys-
tems. This system will provide the maneuver
force air defender with organic automated tar-
get detection, acquisition, ID, and ranging in-
formation. Supports: BSFV-E (Linebacker)

and future missile systems.

2.75-Inch Anti-Air Technology Demonstra-
tion (97-99). The objective of the 2.75-Inch
Ant-Air TD is to provide a comprehensive
upgrade to the Stinger missile system through
the incorporation of an advanced imaging infra-
red seeker to enable the engagement of hostile
helicopters in clutter at extended ranges (2-3x).
This demonstration will go beyond the current
concept development program of a form fac-
tored seeker with commercial breadboard-type
signal processing electronics to demonstrate the
ability to package the signal processing elec-
tronics in 2.75-inch diameter. In addition, sig-
nal processing algorithms for target detection,
tracking, and IR counter countermeasures will
be developed and demonstrated viahardware in
the loop simulations, ground tests, and captive
carry tests. This system will maintain compat-
ibility with existing Stinger launchers and retain
Stinger's excellent capability against fixed-wing
aircraft. Supports: FAAD Stinger Block ITand
all launch platforms.

Ducted Rocket Engine (DRE) Technology
Demonstration (96-98). This TD is discussed
in detail in Fire Support, Section N.

Future Missile Technology Integration
(FMTI) Technology Demonstration (94-98).
This technology demonstration is discussed in
detail in Aviation, Section D.
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Compact Kinetic Energy Missile (CKEM)
Technology Demonstration (96-99). This tech-
nology is discussed in detail in Mounted Forces,
Section G.

High Mobility Ground-Launched AIM-120
Advanced Medium Range Air-to-Air Missile
(AMRAAM) Technology Demonstration
(HMGL-AMRAAM) (96-99). The primary
focus for this technology demonstration will
lead to a low cost, highly mobile air and cruise
missile defense capability based on the robust
capabilities of the Joint Air Force/Navy/USMC
AIM-120 AMRAAM missile. This concept
will integrate this extremely capable digital fire-
and-forget missile onto a highly mobile
Avenger-based heavy HMMWYV ground launch
platform. Cueing for the systems will be pro-
vided by the AN/MPQ-64 Ground-Based Sen-
sor (GBS) (or any other three-dimensional
sensor) and remote fire control will be managed
with the Simplified Hand Held Terminal Unit
(SHTU). The AIM-120 AMRAAM launched
from a HMMWV-based system provides me-
dium range, high rate of fire missile with the
multiple simultaneous target engagement capa-
bilities needed to fill the gap between Stinger
and Patriot. The mix of short (Stinger) and
medium (AIM-120) range missiles will provide
both the IR and RF guidance and homing needed
to counter the evolving Cruise Missileand UAV
threats. Supports: AIM-120 AMRAAM, RFPI
ACTD, Current and Future Missile Systems.

Electronic Integrated Sensor Suite for Air
Defense (EISS-AD) (94-97). The EISS-ADisa
Joint Service (Army/Navy) effort designed to
address known Combined Arms FAAD capa-
bility deficiencies. It will demonstrate a surviv-
ableair defense system for rapid insertion forces
(U.S. Marine Corps) and close combat heavy
forces (U.S. Army). The objective is to demon-
strate an integrated sensor suite that provides
automated targetacquisition, tracking, and iden-
tification of aircraftin an operational air defense
environment at standoff range. In addition, an
on-the-move capability will be demonstrated.
This demonstration will consist of the integra-
tion of state-of-the-art electronic sensors to
include an improved Infrared Search and Track
Capability (IRST), target confirmation hard-
ware with special processing Noncooperative
Target Recognition (NCTR) technologies, and
eye safe laser rangefinder (LRF). Supports:
BSFV-E (Linebacker), Corps SAM.




Guidance Integrated Fuzing (95-97). The
objective of Guidance Integrated Fuzing is to
develop and demonstrate guidance integrated
fuzing techniques for millimeter wave active
homing seeker systems in air defense missiles,
utilizing a mix of target signature measure-
ments, target backscatter modeling, and
endgame modeling. This effort will also pro-
vide algorithms for integrated guidance and
fuzing to track high speed targets from the
munition to achieve accuracy for warhead kills.
Inaddition, near-far field target signaturesfrom
millimeter wave, monopulse instrumentation
radar will be collected. It is expected that this
effort will generate high fidelity target models
to support highly accurate guidance integrated
fuzing simulations to validate robust system
designs. Supports: Patriot Advanced Capabil-
ity (PAC3), Corps Surface-to-Air Missile
(Corps SAM).

Armicide Technology Demonstration (97-00).
The Armicide Tech Demo will demonstrate a
concept designed to serve as an adjunct for
Anti-Radiation Missile (ARM) defense to the
major air defense systems such as Patriot and
the THAAD Ground-Based Radar (GBR).
Armicide will use the organic air defense system
radars to provide the fire control to engage the
ARM target. Thus the need for providing an
expensive counterarm sensor is avoided.
Armicide consists of the following main com-
ponents which are currently within the realm of
engineering implementation, or available with
minor modifications: (l)amedlum caliber com-
mand guided smart munition which does not
require an expensive homing seeker; (2) two
rapid fire conventional launchers, whose design
and technology are in use by all Services, as well
as internationally; (3) a fire control processor/
transmitter; and (4) the host radar (Patriot and
GBR) that will provide target and interceptor
tracking information to the fire control unit.
This function will be discussed at a later time
and will not impact the normal mission func-
tion of the radar. Supports: Patriot, THAAD
GBR.

Benefits to Air Defense Artillery
Systems

Benefits to the air defense mission area that may
be derived from ATDs, STOs, and Advanced

Concepts are as follows:
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e Newsearchand track capabilities which could
be adapted into air defense's multi-sensor
capabilities.

e Improvedintegration of sensors and fire con-
trol systems providing faster "slew-to-cue"
capabilities for air defense weapons.

* Propellantand guidance movements that may
be incorporated into air defense weapons to
provide dead zone and self-protection
coverage.

e Combat identification enhancements to en-
sure higher accuracy of positive identification
of hostile and friendly targets, therefore re-
ducing possibility of fratricide.

e Communication enhancements improving
the vertical and horizontal sharing of critical
battlefield information and increasing the
accuracy and volume of data being shared.

¢ Survivability enhancements that will lower
the susceptibility of air defense sensors to
ARMs and will decrease existing air defense
systems vulnerability to indirect fire.

¢ Fuzingimprovements that willlead to higher
probability of kills of both conventional tar-
gets and weapons of mass destruction.

* Digitization of the battlefield.

Relationship to
Modernization Plan
Annexes

It is important that Air Defense Artillery mod-
ernization and related technology base pro-
gram efforts exhibit a hnkage with Army
Modernization Plan Annexes in other mission
areas. This linkage is important for decision
makers when prioritizing all of the Army’s
modernization efforts. Figure III-L-2 portrays
the linkage of Air Defense Artillery S/SU/ACs
and other Army Modernization Plan Annexes.




Figure III-L-2. Correlation Between Air Defense Artillery S/SU/ACs and Other Army Modernization Plan
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M.
Engineer and Mine
Warfare
Have you ever been in a minefield? ... All
there has to be is one mine and that's
mtense.
Gen.H. Norman Schwarzkopf
1.

Introduction

The U.S. Army is facing a changing threat with
varied degrees of sophistication as it enters the
21st century. Given this uncertain threat, the
Engineer and Mine Warfare (EMW) mission
area continues to play a key role as a critical
member of the Combined Arms Team. Recent
military operations have demonstrated the criti-
cal need for a robust EMW mission area which
is vital to the Combined Arms Team and Com-
bat Service Support Elements being able to
fulfill their future military role.

The EMW mission area consists of the five
major battlefield functions of mobility,
countermobility, survivability, sustainmenten-
gineering, and topographic engineering. Each
function is critical to conducting successful
operations throughout the operational con-
tinuum, whether fighting a major regional
conflict or providing military assistance in op-
erations other than war. Applying technologi-
cal advancements to modernize these functions
enhances the combined arms commander’s
ability to conduct opposed entry, sustained
land combat, and operations other than war to
achieve a decisive victory. This section focuses
onfunded EMW science and technology (S&T)
programs which provide systems and system
upgrades (S/SUs) in support of Combat
Maneuver modernization. Only systems and
system upgrades identified in the Combat Ma-
neuver Annex to the Army Modernization Plan
(AMP), of which EMW is a part, and advanced
concepts with planned 6.3 technology demon-
strations of potential future systems are ad-
dressed in this section.
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Relationship to Operational
Capabilities

Table ITI-M-1 shows the relationship between
the EMW S/SUs and each of the TRADOC
Battlefield Dynamics. It also details some of

the operational capabilities provided by these
S/SUs.

Modernization Strategy

The Combat Maneuver Annex to the AMP
provides the blueprint for equipping engineer
forces into the next century. It embraces the
Army’s Modernization Vision—LAND
FORCE DOMINANCE—by contributing to

the five Army modernization objectives.

Project and Sustain: The assessment and con-
struction or reconstruction of ports, airfields,
roads, and other infrastructure to rapidly and
consistently project forces and maintain logisti-
cal forces.

Protect the Force: Construction of structures
to protectcritical command and control, weapon
systems, and logistics nodes by camouflage,
concealment or bunkerage.

Win the Information War: Provide engineer-
related force level information, standard hard
copy and digital maps, map substitute imagery,
battlefield visualization products, and other
types of terrain data give commanders a realistic
view of the battlefield. Information and prod-
ucts must be readily available, rapidly updated,
and quickly manipulated or tailored. Real-time
electronic distribution to all elements of the
force will increase leader battlefield awareness
and allow commanders to operate inside their
opponent’s decision cycle.

Conduct Precision Strike: Utilization of accu-
rate electronic terrain data for display and tacti-
cal exploitation to obtain precise location data
of both the target and the shooter. Engineer
assessment of conventional weapons effects
against hard structural targets will ensure cor-
rect munition-to-target linkage. This will lead
to improved effectiveness and precision of
weapon system fires and total dominance of the
deep battle.




Table I1I-M-1. Engineer and Mine Warfare Capabilities

| BATTLEFIELD DYNAMICS |

S/SU FUNCTION

SYSTEM/SYSTEM
UPGRADE CAPABILITIES

ADVANCED CONCEPT
CAPABILITIES

MOBILITY
Systems
Ground Standoff Mine Detecton | @ | @ | @ | O ®
System
Mine Hunter Killer | 0|0 |O [

Advanced image processing

Real time data transfer

Detection for heavy and light forces
Teleoperation capability

Advanced IR for standoff capability

Smart mine neutralization focusing on
side attack

Detection for light and special operations
forces

Combined detection and neutralization
capability

Teleoperation capability

Unexploded ordnance detection

Rapid breaching and mine UXO
clearance

COUNTERMOBILITY

Systems
intelligent Minefield ( BN BN BN 3N BN J

Integration of smart wide area mines,
comm links, sensor data, and battlefield
management software

SURVIVABILITY

Systems Upgrades
Low Cost, Low Observable [ BN AN BN BN AN ]
Technologies

Improved visual, IR, and radar signature
suppression

Low cost mobile signature suppression
Improved chemical agent resistant
coating

IR suppressive coating

Integrated active-passive signature
control in UV, visible IR, and RF bands
Tunable countermeasures

TOPOGRAPHIC ENGINEERING

System Upgrades
Digital Topographic Support [ BN AN AN BEK BK ]
System (DTSS)/Quick Response
Multicolor Printer

Rapid map or map substitute products
Battlefield environmental effects
Real-time creation, update, and
dissemination of digital topographic data
bases

¢ Integrated decision aids

@ Provides Significant Capability O Provides Some Capability
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Dominate the Maneuver Battle: Enhancing
the tactical mobility of friendly maneuverforces
and impeding the mobility of threat forces to
provide commanders both protection and ma-
neuverability necessary to dominate battlespace.

The EMW modernization strategy relies on
continuous modernization as a key concept.
The acquisition approach emphasizes invest-
ment in S&T programs leading to Advanced
Technology Demonstrations (ATDs), targets
of opportunity, Battle Lab Experiments,
Advanced Warfighting Experiments and the
Joint Countermine Advanced Concept Tech-
nology Demonstration. Technological advances
will be incorporated more often into systems
via upgrades versus entirely new systems.

Of the EMW battlefield mission areas, mobility
and survivability are currently receiving a new
focus in S&T due to the ever increasing mine
threat. Effective and responsible mine warfare
obstructs the mobility and survivability of op-
posing forces and creates conditions favorable
to the mine employer without inflicting need-
less casualties on noncombatants. Mine warfare
constitutes a significant element in armed con-
flict at all levels of intensity and is critical to
carly entry forces who may be overmatched.
The Intelligent Minefield (IMF) ATD will en-
hance the antiarmor lethality of the early entry
force, cue fires beyond line-of-sight, and pro-
vide the potential to revolutionize maneuver.
IMF can not only be turned otf to provide one-
way obstacles, but should be able to augment
friendly maneuver forces by performing screen
and guard missions autonomously. Mines are
cheap, lethal, psychologically disruptive, and
readily available, and they will be encountered
on all future battlefields. The result is that
relatively cheap mines employed quickly and in
quantity can immobilize a powerful force.

Mine improvements will likely continue at a
rapid pace. Inexpensive, land mines can
destroy multi-million dollar weapon systems.
The future outlook is even more ominous, with
the evolution of new smart mines. Micro-
electronics will soon take mines to new levels of
lethality. The countermine shortfall is particu-
larly worrisome because it strikes at the heart of
Army's doctrine of rapid movement and sur-
prise to win quick decisive victories. The S&T
and acquisition community are totally commit-
ted to solving and fielding equipment by pro-
viding adequate resources and support.
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Joint Countermine Advanced Concept Tech-
nology Demonstration (CM ACTD) (95-00).
This ACTD will demonstrate a seamless am-
phibious and land warfare countermine opera-
tional capability fromseatoland by coordinating
Army, Navy, and Marine Corps technology
demonstrators, prototypes, and fielded mili-
tary equipment.

Demonstration I, planned for FY97, focuses on
near-shore capabilities of assault, reconnais-
sance, breaching, and clearing with emphasis on
in-stride detection and neutralization of mines
and obstacles. The Army is lead for Demon-
stration I. Itincludesjoint Army/Marine Corps
technology demonstrations in mine detection
technology for the Army's future close-in
manportable mine detector, with the capability
to detect both metallic and non-metallic mines
(Handheld Standoff Mine Detection System,
Vehicular Mounted Mine Detector ATD); and
countermeasures to side attack mines (Off-
Route Smart Mine Clearance) in support of
conventional minefield breaching and clearing
operations. These technologies are applicable
to other military uses such as unexploded ord-
nance and range clearing, duds on the battle-
field, and demining.

Demonstration 11, planned for FY98, will em-
phasize technologies of clandestine surveillance
and reconnaissance as described in the FY94
Navy Mine Warfare Plan and will demonstrate
the elements of seamless transition of
countermine operations from sea to land. The
Navy is lead for Demonstration II.

Engineer and Mine Warfare
Roadmaps

Table ITI-M-2 presents a summary of the
S/SU, Technology Demonstrations, and ATDs
found in the EMW roadmaps shown in Figure
ITI-M-1.

Mobility

Engineers enhance friendly freedom of maneu-
ver by defeating, bypassing, breaching, mark-
ing, and reporting mines and other obstacles,
crossing gaps, providing combatroadsand trails,
and performing Forward Aviation Combat En-
gineering (FACE) operations. S&T programs
focus on integrating countermine capabilities




Table III-M-2. Engineer and Mine Warfare Demonstration and System Summary

ATDs

« Intelligent Minefield

« Hunter Sensor Suite (see CCL, Section H)
 Vehicular Mounted Mine Detector

¢ Mine Hunter Killer

ACTD

¢ Joint Countermine
« Rapid Battlefield Visualization (see IEW,

TECHNOLOGY DEMONSTRATIONS

Countermobility

* Mobility and Survivability (Battle Command)

Survivability

* Low Cost, Low Observable (LCLO)

« Lightweight, Airborne Multispectral
Countermine Detection System

Topographic Engineering

* Integrated Terrain Data and Imagery

* Ground Standoff Mine Detection System
« Intelligent Minefield
* Mine Hunter Killer

Section F)
(For additional information, see Volume I,
Annex B.)
SYSTEMS/SYSTEM UPGRADES
Systems System Upgrades

* Digital Topographic Support System/Quick
Response Multicolor Printer
» Low Cost, Low Observable Technologies

through live and simulated experiments, main-
taining Army and Marine Corps enhanced
mobility, survivability, situational awareness,
and agility to the force commander as a result
of integrating countermine technology with
C41. The pacing technologies include sensor
IR, microwave, multispectral, seismicand acous-
tic decoys, explosive neutralization, informa-
tion processing, robotics, and other emerging
technologies.

Vehicular Mounted Mine Detector ATD (96-
98). The vehicular detector will demonstrate
the mounted capability to detect metallic and
nonmetallic mines, conventionally or remotely
emplaced. The system will consist of a detec-
tion array located on the front of host vehicles,
an operator screen display, a datainterpretation
algorithm, and a power source. Ground-pen-
etrating radar, forward-looking radar, infrared,
sensor fusion, automatic target recognition, and
teleoperation capability will be demonstrated.
Two multisensor suites for mounted, close-in,
and stand-off detection of minefields, individual
mines, and unexploded ordnance are planned.
Supports: Joint Countermine ACTD and
Ground Standoff Mine Detection System.

Mine Hunter Killer ATD (98-00). This pro-
gram will demonstrate a countermine system
that will be effective against a wide variety of
antitank and antipersonnel metallic and non-
metallic mines. It will show an integrated
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countermine system employing infrared detec-
tion, forward-looking radar, and neutralizing
technologies. This integrated system will dem-
onstrate the ability to detect and kill mines and
unexploded ordnanceatastandoff distance while
on the move. The vehicle will be outfitted with
low cost, low observable technology to im-
prove its survivability in forward deployed ar-
eas. Supports: Mine Hunter Killerand Ground
Standoff Mine Detection System P31,

Countermobility

Engineers impede the enemy’s freedom of ma-
neuver by disrupting, turning, fixing, and/
or blocking his movement through obstacle
development and terrain enhancement. S&T
programs are integrating microelectronics, sig-
nal processing, and advanced intelligence
into a controlled network of mine warfare sys-
tems. Minefields now consist of an array of
independent mines, each witha preprogrammed
response to an encroaching target. The Intelli-
gent Minefield (IMF) transforms this indepen-
dent array into a coordinated combat network
with a gateway that transmits commands to and
receives data from each mine. This gateway is
linked or relayed to a remote control station in
the maneuver headquarters. This network pro-
vides the commander with real-time targeting
data from the minefield array. An on/off/on
capability provides friendly forces freedom of
maneuver and reduces the cost and logistical




Figure ITII-M-1. Roadmap for EMW Modernization
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burden by permitting recovery/repositioning
of mines. The goal is a mine system that can
defend terrain, employing direct fire tactics,
without overwatching direct fires, thus provid—
ing an economy of force, survivability, and
greater lethality important to early entry forces.

Intelligent Minefield (IMF) ATD (93-97). This
ATD will demonstrate breadboard hardware of
key elements such as controllers and associated
software, communications links, advanced on/
off/on safe and arm devices, and extended range
sensors. The goal is to demonstrate basic feasi-
bility of coordinated tactics and remote con-
trol/reporting by integrating with the existing
Wide Area Munition (WAM) program. The
ATD will also provide hand-emplaced acoustic
sensors for the Rapid Force Projection Initia-
tive (RFPI) ACTD, detailed in Section H, Close
Combat Light. Supports: WAM P31 and RFPI
ACTD.

Mobility and Survivability (Battle Command)
(95-98). This program will demonstrate deci-
sion support applications for mobility,
countermobility, and survivability force level
information that supports multiple battlefield
operating systems. Physics-based algorithms,
applicable to all climatic regions, that automate
the engineer's efforts to filter, assess, and ma-
nipulate data into relevant information for the
maneuver commander and staff will be incor-
porated into obstacle planning software and
simplified survivability assessments that will be
demonstrated during Task Force XXI AWE
and Division XXI exercises. The software suite
to be demonstrated will also provide the engi-
neer commander with the ability to execute
engineer domain force level command and con-
trol. Supports: Battle Command Decision
SupportSystem (BCDSS) (Phoenix), Maneuver
Control System (MCS).

Survivability

Engineersreduce friendly force vulnerability to
enemy weapon effects through rapid fabrica-
tion of protective structures, terrain alteration,
and concealment. S&T programs are focused
on upgrades to the low cost, low observable
(LCLO) camouflage systems. These systems
provide means for detection and hit avoidance.
The upgrades are designed to reduce or elimi-
nate visual, ultraviolet, near infrared (NIR),
thermal IR, and radar waveband signatures of
mobile and stationary assets. The goal is to
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counter the highly sensitive reconnaissance, in-
telligence, surveillance, target acquisition
(RISTA) threat sensors, and fused sensors in all
parts of the electromagnetic spectrum. Signa-
ture control will be achieved through integra-
tion of passive, reactive, and active low
observable systems.

Field fortifications research is conducted by the
Corps of Engineers’ Waterways Experiment
Station (WES) for all of DoD. The focus of
these efforts is in design of protective structures
to defeat advanced munitions (bunker busters)
and unconventional munitions (car bombs), to
capture commercial technology, and to identify
high payoff protection techniques.

Low Cost, Low Observable (LCLO) System
Upgrade Demonstrations (94-06). Demon-
strations are scheduled during FY94-FYQO for
upgrades to LCLO systems, including the Ul-
tra Lightweight Camouflage Net System—Gen-
eral Purpose (ULCANS-GP), Multispectral
Camouflage System for Mobile Equipment, and
Reactive/Active Standardized Camouflage Paint
Pattern (SCAPP). Currently fielded LCLO
systems do not counter threat thermal infrared
sensors. Supports: Ultra Lightweight Camou-
flage Net System, Multispectral Camouflage
System for Mobile Equipment, Standard Cam-
ouflage Paint Pattern.

Lightweight Airborne Multispectral
Countermine Detection System Technology
Demonstration (98-01). This demonstration
will utilize novel focal plane array (FPA) and
system technologies (3-5 um staring FPAs ,pas-
sive polarization, multi/hyperspectral imaging,
electronicstabilization) to develop alightweight
airborne standoff mine detection capability for
limited area (point) detection, limited corridor
route reconnaissance, and detection of nuisance
mines along roads. The system will detect
buried nuisance mines on unpaved roads and
off-route side attack mines, as well as detection
of surface and buried patterned and scatterable
minefields. The system will also have applica-
tions to other intelligence gathering programs
requiring increased thermal sensitivity as well
as those that would benefitfrom a wider field of
view than supported by a framing FLIR. Sup-
ports: Tactical UAV.

Hunter Sensor Suite ATD (94-97). Low ob-
servable ("cheap suit") technologies are being
incorporated into the Hunter Sensor Vehicle.




See Close Combat Light, Section H, for further
details.

Sustainment Engineering

Engineers support force sustainment by main-
taining, upgrading, or constructing lines of
communication and facilities; providing con-
struction support and materials; and performing
area damage assessment. Sustainment in the
form of infrastructure assessment, generation
and allocation of engineer resources required,
and visualization technologies will be among
the technologies critical in wartime contingency
and supportand sustainment operations. Chap-
ter IV, Section L, Civil Engineering and Envi-
ronmental Quality, provides more information
on sustainment engineering S&T efforts.

Topographic Engineering

Topographic engineers provide timely, accu-
rate knowledge of the battlefield and terrain
visualization to operational commanders and
staffs atall echelons throughout the operational
continuum. Knowledge of the battlefield con-
sists of information in narrative or graphic for-
mat describing the effects of terrain and climate
on military operations. The ability of the com-
mander to visualize the terrain in all climate
conditions before the battle will help him to
develop dynamic operational plans; and locate,
engage, and defeat the enemy with a more agile,
synchronized force. Terrain information de-
veloped by Army engineers provide the basic
terrain reference for land and air forces as well
as other DoD and non-DoD agencies.

S&T programs focus on providing tactical envi-
ronmental decision support, real-time position
and azimuth determination, realistic battlefield
visualization capabilities, terrain data base con-
structionand/or update, data base value-adding
for modeling and simulation, and geographic
data base management. In addition, key to
battlefield awareness and crisis response is the
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development of technologies to support the
capability for the rapid production and dis-
semination of image-based topographic prod-
ucts. Advances in microelectronics, artificial
intelligence, advanced computing, and signal
processing techniques make topographic tech-
nology an extremely dynamic field.

Topographic engineers are working closely
with TRADOC Battle Labs and the user com-
munity to demonstrate, evaluate, and refine
technological developments and doctrinal to-
pographic support concepts. Initial fielding of
the Combat Terrain Information System [Digi-
tal Topographic Support System (DTSS), and
the Quick Response Multicolor Printer
(QRMP)], coupled with its accelerated
Preplanned Product Improvement (P31) pro-
gramdirected at imagery exploitation, will pro-
vide the battlefield commander with the latest
in topographic technology.

Rapid Battlefield Visualization (Proposed)
ACTD (97-01). This ACTD will demonstrate
capabilities to rapidly collect source data and
generate high resolution digital terrain databases
to support crisis response and force projection
operations. It will demonstrate capabilities for
the commander to integrate these terrain data
bases with current situation data, and manipu-
late and display the integrated data bases to
visualize a desired end state. (See Section ITI-F,

IEW, for more detailed information.) Sup-
ports: Force XXI, Division '98 AWE.

Relationship to Army
Modernization Plan
Annexes

The EMW modernization strategy and related
S&T programs are linked with Modernization
Plans in other mission areas. Figure I[1-M-2

shows the linkage between EMW S/SUs and
other Army Modernization Plan Annexes.




Figure ITI-M-2. Correlation Between Engineer and Mine Warfare S/SUs and Other Army Modemization Plan
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Fire Support

The artillery must be prepared to concen-
trate a great volume of fire wherever it is
needed, at any moment, so as to dominate
rapidly any part of the battlefield which
might be threatened.

General Charles DeGaulle
"The Army of the Future," 1941

Introduction

Fire support is the collective and coordinated
use of indirect fires, target acquisition data,
armed aircraft, and other lethal and nonlethal
means against ground targets in support of ma-
neuver force operations. The mission of fire
support is to destroy, neutralize, or suppress
the enemy with indirect fires and integrate all
available means of fire support.

Fire Supportresponsibilities focus on close sup-
port fires in support of engaging maneuver
units, counterfire (the attack of enemy indirect
fire support systems), and interdiction (the at-
tack of enemy laterally and in-depth). It in-
cludesartillery, mortars, other non-line-of-sight
weapons, Army aviation, naval gun fire, close
air support, and electronic countermeasures.

Relationship to Operational
Capabilities

To achieve the required operational capabili-
ties, the Fire Support Systems/System Upgrades
and Advanced Concepts (S/SU/ACs) will pro-
vide unique system capabilities that will en-
hance the commander’s ability to meet the ever
dynamic requirements of the battlefield. Fire
Support capabilities include: supporting the
ability of early entry operations to rapidly de-
ploy to and secure the operational area; provid-
ing critical elements of the combat power
required to defeat an enemy throughout the
depth of the battlefield; supporting the
commander’s requirement to control the rate
and pace of combat activities; supporting criti-
cal aspects of the commander’s ability to effect
operations against opposing forces engaged in
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combat actions; and providing essential capa-
bilities in the logistics spectrum to support,
rearm, and resupply fire supportassets required
to sustain the soldier on the battlefield (see
Table ITI-N-1).

Modernization Strategy

The Army Modernization Plan Fire Support
Annex provides the direction and focus of our
modernization strategy. The cornerstone for
the successful implementation of this continu-
ous modernization strategy is our science and
technology programs. These programs will
focus on system upgrades, new systems, and
advanced concepts that will provide quality
materiel to commanders thatensure their ability
to “fight fires with fire.”

Fire Support Roadmap

Table ITI-N-2 presents a summary of ACTDs,
ATDs, and major technology demonstrations
leading to systems development and upgrade.
Modernization of the fire support operating
system depends upon the development of these
key systems for fire support coordination, close
support, counterfire, command and control, and
targetacquisition, as well as munitions and rock-
ets, and their ultimate fielding as a fire support
system of systems.

As shown in Figure ITI-N-1, S&T efforts focus
on:

* Maximization of kill capability

* Advanced gun/rocket propulsion

¢ Automated ammunition handling

and battle

e Integrated fire control

management
e Signature reduction and increased protection

¢ Classification, tracking, and identification of
ground vehicles

* Sensors (acoustic and electro-optical) and
processing

* Al and computing technologies

* Increased battlefield operational mobility




Table ITI-N-1. Fire Support System Capabilities

| BATTLEFIELD DYNAMICS

N 7 &
TR A
S/ oS
S/ &/ 5 S/
S/ > S/ E
S/ L/ &S/
&/ /& S S SF
,z;\* Qé@ o§ & & & SYSTEM/SYSTEM ADVANCED CONCEPT
s D/ P
S/SU/AC FUNCTION TA VA TEVE A UPGRADE CAPABILITIES CAPABILITIES
RANGE
System
Crusader o0 o » Deep fire—20 to 40 km beyond FLOT
Lt.Wt. 155mm Towed Howitzer ® |0 O * 54% increase in on-board ammo (60
vs 39 Paladin)
System Upgrade * Decision aids
ERA Projectile - XM982 LA AN * 155mm range from a lightweight
system
Advanced Concept
HICAP o|® OO0 * Increased range and/or cargo
Guided MLRS ®|® O capacity
LETHALITY
Systems
Crusader [ BN ] @® | @ [ Increased rate of fire (12-16 rds/sec)
Lt.Wt. 155mm Towed Howitzer [ Be) * Point target accuracy * Mobile long-range capability
* Robotic and automated rapid ammo ¢ Reduced logistics burden
System Upgrades handling * RF energy
Multimode Airframe Technology ®|@®|0O|O * Increased lethality area o IFF
ERA Projectile — XM982 cle|e ¢ 155mm firepower from a lightweight *» Top attack surgical kill
system * Increased footprint covers moving
Advanced Concepts targets
Guided MLRS [ BN | [ ) ¢ Improved response time
PGMM [ BN BK ) « Increased range with self-destructive
AlS/Damocles [ BN BNe cargo
155mm AH [ BN J { BN ) « Precision guidance capability
ACCURACY
Systems
Crusader L K « Deep fire—20 to 40 km beyond FLOT
Lt. Wt. 155mm Towed Howitzer o]0 ¢ On-board sensors
* On-board target acquisition
System Upgrades * Increased sensor accuracy
Fire Finder P3l LN ® * Increased mobility
Multimode Airframe Technology | ® | @ | O | O * Munitions classification * Improved delivery accuracy
ERA Projectile - XM982 [ BN NN BN » Decision aids  Manportable fire control
* Improved navigation » Top attack surgical kill for U.S.
« Point target capability at long ranges Infantry
Advanced Concepts * GPS auto-registration or auto self
Precision Guided Mortar Munition | @ o0 correcting
Guided MLRS ®(® 0 e » Improved targeting
155mm AH o0 * Precision guidance capability

@ Provides Significant Capability

O Provides Some Capability
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Table ITII-N-1. Fire Support System Capabilities (Continued)

| BATTLEFIELD DYNAMICS
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K
&
,\QQ)
$
SYSTEM/SYSTEM ADVANCED CONCEPT
S/SU/AC FUNCTION UPGRADE CAPABILITIES CAPABILITIES
SURVIVABILITY
System
Crusader LARJ * Autonomous
Lt.Wt. 155mm Towed Howitzer |0 « Real time on target met data
* Decision aids
« 155mm range firepower and
area coverage with lightweight
mobility
System Upgrades
Fire Finder P3| ONN NECENONN * Doubles range
* 250% greater survivability
* Smart weapon ECCM
* Improved mobility
« Data link to TMD
Advanced Concepts
Guided MLRS L BN o * Reduced time at firing point
155mm AH c|le®@ | O * Novel (non-volatile) propellants
Decision Aids for Advanced { BN J * Improved ECCM
Artillery/Armament Decision Aids » Rapid deployment
* Route planning and self-defense
Al modules
* Launch to digitized battlefield
* Fire-and-forget
FORCE MULTIPLIER
Systems » Based on increased accuracy
Crusader { BN J ® - Less manpower
Lt.Wt. 155mm Towed Howitzer @O @ « Commonality of spares
« Affordable long-range
System Upgrade navigation
ERA Projectile XM982 ® @0 | O * 155mm fire power for light
Fire Finder P3I oNN BNoNNeNN ) forces
* Smart Weapons
Advanced Concepts « Extended range cargo delivery
Guided MLRS o0 @ | ° Increased lethality  Extended range cargo delivery
155mm AH ®|(®|O * Smart Weapons (40-70 km)
AlS/Damocles oO|®@|O o Al
PGMM o | BN s IFF
* RF energy
* Digitized 155mm firepower
* Increased autonomous footprint
¢ Autonomous or surgical kill for
infantry
MOBILITY
Systems
Crusader [ BN ® » Composite technology
Lt.Wt. 155mm Towed Howitzer ® |0 o * Autonomous operation
¢ Land, water, air movement
* On-board navigation
@ Provides Significant Capability O Provides Some Capability
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Table III-N-2. Fire Support Demonstration and System Summary

ATDs

¢ Precision Guided Mortar Munition (PGMM)
(See Close Combat Light)

* Guided MLRS

* Indirect Precision Fire

ACTDs
* JPSD Precision/Rapid Counter MRL
« Rapid Force Projection initiative (RFPI)
(see Close Combat Light)

(For additional information, see Volume II, Annex B.)

TECHNOLOGY DEMONSTRATIONS

Decision Aids for Advanced Artillery/Armament
Decision Aids

155mm Automated Howitzer (AH)

Ducted Rocket Engine (DRE)

Autonomous Intelligent Submunition (AIS)
105mm Terminally Guided Projectile (105 TGP)
Advanced Extended Range Cargo Projectile
(AERCAP)

Multimode Airframe Technology

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS

Systems
» Crusader
e [t Wt 155mm Towed Howitzer

System Upgrade

* FireFinder P3I

¢ Multimode Airframe Technology
» Extended Range Artillery (ERA)

Advanced Concepts

* Precision Guided Mortar Munition (PGMM)

» 155mm Automated Howitzer (AH)

¢ Guided MLRS

¢ Autonomous Intelligent Submunition (AIS)/
Damocles

* Decision Aids for Advanced Artillery/Armament
Decision Aids

Projectile — XM982

* High Capacity Artillery Projectile (HICAP)

ATDs and Other Technology
Demonstrations

Guided Multiple Launch Rocket System
(MLRS) ATD (95-98). This ATD will demon-
strate a significant improvement in the range
and accuracy of the MLRS free-flight arullery
rocket. Improved accuracy results in a signifi-
cant reduction in the number of rockets re-
quired to defeat the target (as much as sixfold at
extended ranges). Other benefits include an
associated reduction in the logistics burden
(transportation of rockets), reduced chances of
collateral damage and fratricide, reduced mis-
sion times (resulting inincreased system surviv-
ability), and increased effective range for the
MLRS rocket. The ATD will design, fabricate,
and flight-test a low cost guidance and control
package to be housed in the nose of the rocket,
thus minimizing the changes to the current
rocket. A low cost Inertial Measurement Unit
(IMU) coupled with a canard control system
will be demonstrated in Phase I, followed by a
GPS-aided IMU solution in Phase IT. The IMU
package will provide a 2-3 mil accuracy suffi-
cient for some MLRS warheads with the GPS-
aided package providing a 10-meter CEP
accuracy for warheads which require precision
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accuracy. The package to be demonstrated will
result in a rocket which is more cost effective
and more lethal while requiring no change to
crew training procedures or maintenance pro-
cedures (during the 15-year shelflife). The guid-
ance and control package will be designed with
applicability to bomblet, mine, precision guided
submunition, and unitary/earth penetrator war-
heads. An EMD programisinthe POM withan
FY98 start. Supports: RFPI ACTD, Guided
MLRS.

Precision Guided Mortar Munition (PGMM)
ATD (94-99). The 120mm PGMM will demon-
strate a multimission, multimode, precision
munition capable of defeating high value point
targets and light armored vehicles at extended
ranges (12-15 km). Its modes of operation
include autonomous fire-and-forget and/or la-
ser designation for a surgical strike capability.
Supports: RFPI ACTD 120mm mortars, Pre-
cision Guided Mortar Munition. See Close
Combat Light, Section H, for details.

Autonomous Intelligent Submunition (AIS)
Technology Demonstration (94-97). This
demonstration will evaluate real-time perfor-
mance of a state-of-the-art millimeter wave/IR
sensor hardware for automatic acquisition and
engagementof mobile and stationary high-value




Figure III-N-1. Roadmap for Fire Support Modernization
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targetsin realistic battlefield environments, vari-
ous clutter, weather, and countermeasure con-
ditions. Supports: RFPIACTD and SADARM
P3I.

Advanced Extended Range Cargo Projectile
(AERCAP) Technology Demonstrations (95-
02). These TDs will demonstrate both 155mm
artillery and 120mm mortar projectile concepts
which address conventional fire support needs
for increased range delivery of cargo payloads.
The 155mm Extended Range Artillery (ERA)
Projectile - XM982 will deliver self-destructing
Dual Purpose Improved Conventional Muni-
tions (DPICM) cargo to extended ranges (40—
70 km)and accuracy with LCCM by utilizing a
hybrid rocket design. This design incorporates
highly refined rear base-burn and front rocket
technologies with a new streamlined configura-
tion, cargo expulsion technique, accuracy en-
hancements, and imbedded fuzing into one
cargo-carrying projectile. Additionally, research
and experimentation is being conducted to de-
liver self-destructing DPICM cargo to extended
ranges (12 km) from a 120mm composite mor-
tar cartridge (ER-DPICM, XM984) The12km
represents a 67 percent range increase and a 177
percent increase in area coverage. Supports:
Precision Strike, High Capacity Artillery Pro-
jectile (HICAP), Depth and Simultaneous At-
tack and Dismounted Battlespace Battle Labs.

Indirect Precision Fire (IPF) ATD (96-01).
This ATD will develop and demonstrate an
auto-registration and guided competent muni-
tion, each miniaturized in a standard 155mm
fuze package, to provide a revolutionary accu-
racy improvement. The effectiveness of all
current and future artillery projectiles for all
platforms will beimproved, enabling first round
fire for effect. The ATD will consist of two
concept demonstrations: the auto-registration
demonstration in FY98 and the guided compe-
tent munitions demonstration in FY01. These
demonstrations will encompass a series of pro-
jectiles that will have the competent munitions
modules screwed into the fuze well fired at
different ranges. Supports: all existing and
future 155mm munitions/platforms.

Rapid Force Projection Initiative (RFPI)
ACTD (95-00). This ACTD will demonstrate
a highly lethal, survivable, and rapidly air
deployable enhancement to the Early Entry
Task Force. It includes an automated Fire
Control System (FCS) for selected Howitzers
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and the Enhanced Fiber Optic Guided Missile
(EFOGM) non-line-of-sight weapon system.
Further details are provided in Close Combat
Light, Section II1-H.

155mm Automated Howitzer (AH) Technol-
ogy Demonstration (94-01). This program
will demonstrate an automated, digital fire con-
trol system fora 155mm towed artillery system.
The digital Fire Control System (FCS) has self
location and direction determination. The FCS
performs onboard, ballistic calculations that
provide the system with greater responsiveness,
accuracy, lethality, and survivablity. The ad-
vanced fire control technology supports the
RFPI ACTD and subsequent ACTD. Auto-
mation such as self-location and direction de-
termination, auto-rammer, and auto-primer
loading are expected to increase efficiency, re-

sponsiveness, and accuracy. Supports: LW
Howitzer Program and RFPI ACTD.

Decision Aids for Advanced Artillery and
Armament Decision Aids Technology Dem-
onstrations (94-00). The initial demonstra-
tions evaluate a prototype decision-aid system
for self-propelled artillery utilizing artificial
intelligence and advanced computing tech-
niques. The system consists of two decision aid
modules, i.e., Reconnaissance, Selection, and
Occupation of Position (RSOP) and Self De-
fense (SD). It will reduce planning time re-
quired for movement to a new fire position,
decrease response time to a new mission, and
increase self-survivability capability. The fol-
low-on demonstration (Armament Decision
Aids) will build upon previously developed
technology and link the individual fire support
platform to the digitized battlefield. This dem-
onstration will alow individual or groups of fire
support platforms to operate, as needed, out-
side of the traditional fire support command
and control (C2) structure and fully exploitnew
plans, procedures, and tactics of the digital battle-
field. Benefits willinclude improved situational
awareness, synchronized movement with ma-
neuver forces, and, ideally, fratricide avoidance.
Supports: Crusader.

JPSD Precision/Rapid Counter MRL ACTD
(95-98). This ACTD will demonstrate a signifi-
cantly enhanced capability for U.S. Forces Ko-
rea (USFK) to neutralize the North Korean
240mm Multiple Rocket Launcher (MRL) sys-
tem. Because of the brief time in which this
target is expected to be exposed and vulnerable




to counterfire, near-continuous surveillance and
near-instantaneous target acquisition will be
required as well as the employment of innova-
tive target attack means. Smart munitions for
the MLRS Family of Submunitions (MFOM)
will be demonstrated through simulations in
the ACTD to include smart munitions for in-
creased effectiveness and coverage. Project
managementand funding will continue through
FY98. Supports: Precision Strike.

Ducted Rocket Engine (DRE) Technology
Demonstration (FY96-98). The Ducted Rocket
Engine (DRE) program is a joint research and
development effort with Japan to develop and
demonstrate a ducted rocket engine for a me-
dium surface-to-air missile which will signifi-
cantly increase the intercept envelope against
aircraftand cruise missiles when compared with
surface-to-air missiles utilizing current solid
rocket propulsion technology. It is the first
developmental program under the auspices of
the U.S. Department of Defense/Japan Defense
Agency Systems and Technology Forum
(S&TF). The component technology develop-
ment and engine demonstration effort 1s fo-
cused on the design and testing of a2 minimum
signature, insensitive munitions compatible
booster, supersonic air inlets, and a solid fuel
gas generator which provides for high impulse,
minimum signature ramburner operation. Per-
formance dataacquired from the DRE program
integrated tests may provide a basis for the
design of a future, operationally deployable
surface-to-airand/orlong range surface-to-sur-
face missile system. Supports: Future missile
systems, Battle Comand, Depth and Simulta-
neous Attack and Early Entry Lethality and
Survivability Battle Labs.
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105mm Terminally Guided Projectile (TGP)
Technology Demonstration (98-01). The 105
TGP program will demonstrate a precision
guided artillery projectile with an autonomous
fire-and-forget capability against armored tar-
gets and/or a laser designating capability for
defeat of point targets (bunkers, buildings, high
value targets). The 105 TGP munition will
increase the lethality and survivability of the
Light Forces by providing a new capability to
existing 105mm weapon platforms. Supports:

RFPI ACTD.

Multimode Airframe Technology (MAT)
Technology Demonstration (95-98). This tech-
nology demonstration will provide the battle-
field commander with a long range (40+ km)
precision guided artillery weapon that will pro-
vide light forces surgical kill capacity against
heavy armor, helicopter, and bunker targets.
Further, it will provide extended range and
precision terminal homing capabilities, enhanced
survivability and lethality, jam-proof data link,
and low-signature turbojet launch using GPS/
IMU for navigation. Supports: RFPI ACTD,
JPSD Precision/Rapid Counter MRL ACTD.

Relationship to
Modernization Plan
Annexes

Figure I1I-N-2 shows the correlation between

the Fire Support S/SU/ACs and other Army
Modernization Plan Annexes.




Figure III-N-2. Correlation Between Fire Support S/SU/ACs and Other Army Modernization Plan Annexes
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Logistics

Logistics comprises the means and arrange-

ments which work out the plans of strategy

and tactics. Strategy decides where to act;
logistics brings the troops to this point.

General Antoine Henri Jomini

Summary of the Art of War

Introduction

Logistics is the science of planning and carrying
out the movement and maintenance of forces.
In its most comprehensive sense, Army logis-
tics encompasses those aspects of military op-
eration that deal with:

® Design, development, acquisition, storage,
survivability, movement, distribution, main-
tenance, evacuation, and disposition of
materiel

¢ Sustainment, movement, evacuation,and hos-
pitalization of personnel

* Acquisition and furnishing of services

The purpose of Logistics is to generate, mobi-
lize, deploy, employ, provision, reconstitute,
redeploy, and demobilize military forces. The
realities of our new National Military Strategy
and the changed threat necessitate a movement
from a forward deployed Army to one of force
projection. Consequently, logistics must now
be able to rapidly project forces and sustain
materiel to meet contingencies throughout the
world and then provide for those forces over
time. The efforts addressed in this section are
only those that have plans for present or future
science and technology efforts. Technology
efforts that lead to individual soldier and com-
bat health support modernization are discussed
in Sections I and J, respectively, of this chapter.

Relationship to Operational
Capabilities

Logistics Systems Upgrades and Advanced
Concepts (SU/ACs) and their link to the
TRADOC Battlefield Dynamics are shown in

Table III-O-1. This table also displays the
operational capabilities for each of the SU/ACs.

1-O-1

Logistics Modernization
Strategy

The Logistics Annex of the Army Moderniza-
tion Plan focuses on the objective of “project
and sustain the force.” It supports the Army
Modernization Vision of Land Force Domi-
nance, which flows from the National Military
Strategy. In addition, it supports the other four
modernization objectives by providing the
means to bring them together to achieve Land
Force Dominance. This plan assesses systems in
the categories of project, sustain, and core sup-
port (costs of doing business). Logistics mod-
ernization addresses supporting the strategic,
operational, and tactical levels of war across the
operational continuum. The goal is to project
and sustain the U.S. soldier with world-class
equipment, in sufficient quantity and as needed,
consistent with sound business practices and
within funding constraints.

Roadmap for Army
Logistics

Table TII-O-2 presents a summary of SU/ACs
and Technology Demonstrations in the Army
logistics science and technology program that
support Logistics Modernization. Theroadmap
in Figure III-O-1 portrays the projection of
programs to include technology demonstrations,
ATDs, and SU/ACs which support Logistics
Modernization.

Project the Force

The projectlogistics function encompasses stra-
tegic, operational, and tactical mobility needed
to rapidly deploy CONUS- based forces and
sustain operations to ensure land force domi-
nance and decisive victory. There are five key
components of “Project the Force”: militarily
useful railcars, rapid sealift, versatile airlift, im-
proved airdrop delivery, and flexible Logistics-
Over-the-Shore (LOTS). The Army Strategic
Mobility Program supports the U.S. Air Force
C-17 and U.S. Navy Fast Sealift programs to
provide airlift and sealift components. The
following demonstration will support the ad-
vanced development of the Army’s airdrop de-
livery component.




Table ITI-O-1. Logistics Modernization Systems Capabilities

| BATTLEFIELD DYNAMICS |

SYSTEM UPGRADE

ADVANCED CONCEPT

SU/AC FUNCTION CAPABILITIES CAPABILITIES
PROJECT
System Upgrades
Aerial Delivery ® |0 @ | « Improved precision guided delivery of
munitions
Advanced Concepts
Precision Offset, High Glide Aerial | @ | @ [ ] * Accurate delivery of supplies/equipment from
Delivery offset distances
* Increased delivery accuracy via an autonomous
GPS-based guidance and navigation system
+ Covert day/night and limited visibility airdrop
capability
SUSTAIN
System Upgrades
Army Field Feeding Future @] O @ |+ Shelf stable ration components
Logistics Survivability o0 (@O ® | . Enhanced rations performance and flexibility
Electric Power Generation @ (O[O @ | - Reduce rations weight and volume
| ess soldier labor/fatigue
¢ Reduced manpower
* Automated logistics planning
= Automated assessment of petroleum products
* Improved corrosion protection
Advanced Concept ¢ Improved munitions protection
Total Distribution System ®|0O|O(O|0C|@® * Automated logistics planning and execution
¢ Integrated automated logistics database and
STAMIS
« Tota! asset visibility with in-transit visibility
» Assured logistics capability
¢ Improved port and air head survivability
¢ Enhanced sea bused support
¢ Improved hazardous operations
¢ Multi-dimensional situations
* Mission-oriented ship outload
* Selective "instream" resupply
* Quick access to hazardous areas
CORE SUPPORT
System Upgrades
Rapid Deployment Food Service | @ oo ® | - Improved quality of life (food, water)
for Force Projection * Improved air transportability

@ Provides Significant Capability O Provides Some Capability

Precision Offset, High Glide Aerial Delivery
(94-99). Semi-rigid Deployable Wing (SDW)
technology will be used to demonstrate preci-
sion, high offset delivery of supplies and equip-
ment. Details can be found in Section H, Close
Combatr Light. Supports: Aerial Delivery,
Precision Offset, High Glide Aerial Delivery,
EELS, DSA, and CSS Battle Labs.

Sustain the Force

The sustain logistics function includes all ser-
vices needed to provide ammunition, water,
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food, fuel, personnel hygiene, mortuary affairs,
and personnel support. Medical sustainment of
the force is significant. Section ] of this chapter
discusses the Combat Health Support
Moderization Strategy. Modernization of
sustainment functions focuses on logistics au-
tomation, survivability,and improving the qual-
ity of life of soldiers. The following ATD and
Technology Demonstrations support sustain-
ing the force.

Total Distribution ATD (TD ATD) (94-97).
The TDATD will demonstrate the integration




Table ITI-O-2. Logistics Demonstrations and Systems Summary

* Total Distribution Sustain Demonstrations

ACTD

Core Demonstrations

(For additional information, see Volume Il, Annex B.)  Electric Power Generation

ATDs TECHNOLOGY DEMONSTRATIONS

= Mobility Enhancing Ration Components (MERC)
« Precision Offset, High Glide Aerial Delivery
* Emerging Petroleum Quality Technology

+ Joint Logistics * Improved Multipurpose Fluids and Lubricants

« Rapid Deployment Food Service for Force Projection

SYSTEM UPGRADES/ADVANCED CONCEPTS
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of automated logistics planning tools, com-
puter simulation and modeling techniques, ad-
vanced microelectronics, satellite tracking, and
communications technology to significantly
enhance total asset visibility by displaying the
requirements for and the location of assets at the
strategic, operational, and tactical levels. The
objective Total Distribution System (TDS)
would support an enhancement to the Total
Distribution Program capability to provide stra-
tegic, operational, and tactical commanders
with automated logistics planning and visual-
ization capabilities for force deployment
sustainment, and operational execution using
artificial intelligence technology and manage-
ment information system (MIS) data bases.
Potential Objective Supply Capability (OSC)
upgrades, combined with space and terrestrial
communications technology, will be linked to
distributed, object-oriented Standard Army MIS
(STAMIS) systems and logistics data bases (i.e.,
transportation, ammunition, supply, and main-
tenance) to significantly reduce supply plan-
ningtimeand demonstratea capability toanalyze
alternative courses of action prior to directing,
rerouting, or redistributing assets. Supports:
Joint Logistics Proposed ACTD, Logistics Sur-
vivability, and Total Distribution System.

Improved Multipurpose Fluids and Lubri-
cants Technology Demonstration (94-97).
Advanced formulation technologies and new
materials will be employed to provide fluid/
lubricant products which exhibit improved
performance, multifunctionality, and global
operability. These products will provide the
Army enhanced capabilities in the pre-
positioning of materiel and supplies, to support
mobilization and deployment of forces, and for
sustainment of forces once deployed and dur-
ing offensive operations. The improved fluids
and lubricants being demonstrated will use ad-
vanced additive technologies and new base ma-
terials to meet existing/future equipment needs
and comply with environmental initiatives.
These products will provide up to 300 percent
increase in corrosion protection and will ex-
pand operational range of products by 25°F to
90°F. The improved fluids/lubricants will re-
duce component failures such as battery/starter
usage by 25 percent and will reduce waste oil
generation on the order of 20 percent. In addi-
tion, the products will significantly enhance
logistics, replacing multiple existing fluids (3
specifications for 1 specification) and lubricants
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(2/5 specifications/gradesfor 1/3 specifications/
grades). Supports: Logistics Survivability, all
ground combat vehicles.

Emerging Petroleum Quality Technology
Demonstration (94-98). Advanced technol-
ogy and automated devices/systems will be
employed to provide rapid on-the-spot assess-
ment of bulk and packaged petroleum products
from CONUS and/or hostnation support. The
advanced technologies being demonstrated for
Petroleum Quality Analysis (PQA) will use
automated analytical techniques and emerging
methodologies in conjunction with computer-
based expertsystems. The devices/systems will
replace all existing petroleum laboratories, re-
duce testing time from 3 hours to 10 minutes,
and decrease manpower requirements by 75
percent. This emerging technology is state-of-
the-art and will serve as a foundation for fol-
low-on industry efforts. PQA will provide
commanders the combatservice support equip-
ment required to enhance sustaining momen-
tum, maintaining operational/tactical maneuver
freedom, and optimizing the use of locally avail-
able supplies. The capability to utilize locally
available petroleum products with attendant
risks will significantly reduce logistics and en-
hance mobility of forward units. Supports:
Logistics Survivability, all ground combat
vehicles.

Mobility Enhancing Ration Components
(MERC:s) Technology Demonstration (96-98).
By FY98 the Mobility Enhancing Ration Com-
ponents (MERCs) will demonstrate technolo-
gies of shelf stable, highly acceptable,
eat-on-the-move/eat-out-of-hand components
for operational rations. Ration components
will be suitable for individual or group ration
systems that support highly mobile and de-
ployed troops. MERCs will be suitable for
arctic, jungle, desert, mountain, and urban envi-
ronments. The goal is to provide novel ration
components (e.g., shelf stable sandwiches) which
can be consumed on-the-go with no prepara-
tion or heating required and which are compat-
ible with existing ration systems. Supports:
Army Field Feeding Future.

Core Support to the Force

The core support logistics functions are those
basic capabilities necessary to keep the Army
operating efficiently. These capabilities include
providing hot food, electric power generation,




modernizing support equipment, explosive
safety improvements, and updating aging ma-
teriel handling equipment. The following tech-
nology demonstrations will support the
advanced development of advanced sheltersand
improved combat living capabilities.

Rapid Deployment Food Service for Force
Projection Technology Demonstration (94-
99). With renewed emphasis on freshfoods and
changesin Army policy from two hot meals per
week to one a day, fundamental changes are
required in field kitchens to support Rapid
Force Projection. This program will demon-
strate advancesindiesel combustion, heattrans-
fer, power generation, and food storage. The
fundamental changes in kitchen design will in-
clude centrally heated equipment, integral
power, and heat-driven refrigeration. These
technologies will be developed, integrated with

Army’s vision of the digitized battlefield by
developing light, highly mobile power sources
that support implementation of the “one fuel
forward” policy. Commercially available com-
pression ignition engines with piezoelectric
injection combustion schemes are being modi-
fied. Advanced permanent magnet materials
offer lightweight and high temperature tolerant
sources of raw AC power (with widely varying
AC frequencies). High frequency electronic
power switches provide very low weight and
high efficiency for the conversion of widely
varying AC power to stable AC or DC power.
Applicable alternate thermal technologies
include thermophoto-voltaics, thermoelec-
trics, Alkali Metal Thermal Electric Con-
verters (AMTEC), and fuel cells. Supports:
Electric Power Generation and Force Provider
Upgrades.

other improvements on a kitchen platform 5
and demonstrated in field scenarios. The dem- | “*
onstrations will show necessary increases in
mobility, deployability, reliability, maintain-
ability, and efficiency that will yield higher
quality meals faster and cheaper. Supports:
Rapid Deployment Food Service for Force
Projection.

Electric Power Generation Technology Dem-
onstration (95-98). This TD will support the

Relationship to
Modernization Plan
Annexes

Figure III-O-2 shows the correlation between
the Logistics System Upgrades/Advanced Con-

cepts and other Army Modernization Plan
Annexes.

Figure I1I-O-2. Correlation Between Logistics SU/ACs and Other Applicable Army Modernization Plan
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Training

We must find the best ways to organize,
train, and equip our forces to exploit our
competitive advantages—quality people
and advanced technology.

General Reimer,
Chief of Staff, U.S. Army

Introduction

The new national security strategy stresses
preparation to defend against nuclear threats,
threats from regional powers, threats to evolv-
ing democratization, and regional instabilities.
Aforce projection Army must be ready to carry
out changmg roles and missions at any time,
anywhere in the world.

Army training can meet this challenge through
theapplication of behavioral science and emerg-
ing technologies to individual, collective, and
leader training. These advances will be used to
increase mission readiness for both the active
and reserve forces and improve the training for
new missions and new environments, such as
Stability Operations. Commanders will be able
to provide tough, realistic, battle-focused train-
ing to provide soldiers and leaders the ablhty to
fight and win within a constrained training

budget.

Relationship to Operational
Capabilities

The Combined Arms Training Strategy (CATS)
is the Army’s architecture for training and edu-
cating its people and units. CATS provides the
conceptual framework for establishing training
policy and resource requirements. The objec-
tive of the CATS architecture is to provide
doctrine-based strategies for training warfight-
ing tasks and skills in institutions, units, and
through self-development.

Under Project Reliance, the Army manpower,
personnel, and training R&D community has
the Department of Defense lead for develop-
ment and demonstration of technology for:

 Unit collective training
¢ Rotary-wing pilot training
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* Land warfare training
¢ Human resources

e Leader development

Table ITI-P-1 presents the correlation between
TRADOC’s Battlefield Dynamics and train-
ing system upgrades and advanced concepts
(SU/ACs). It also shows proposed training
system capabilities by Battlefield Dynamics.
Simulation-based training and training strate-
gies cutacrossall Battlefield Dynamics, although
special emphasis is given to combined arms
operations for both large and small units.

Army Modernization
Strategy

America’s 21st Century Army will train on a
digitized battlefield consisting of a close inte-
gration of live, virtual, and constructive simula-
tions. Training strategies, organizational
redesign, leadership development, and person-
nel issues will evolve into an interactive cycle of
experimentationand assessment withactual units
and 1n support of the Battle Labs.

As stated in the FY96 Army Modernization
Plan:

“The challenge is to train and sustain the most
combat ready and deployable force in the world.
The Army must look to research and development
initiatives to identify technology that may offset
decreasing force structure and ensure the means of
providing realistic, dynamic training to our sol-
diers—today and tomorrow.”

Current and developmental system concepts
are focused through the following training
programs:

e Distributed Interactive Systems (DIS)
* Combined Arms Tactical Trainer (CATT).

e Family of Simulations (FAMSIM) including
Warfighters' Simulation (WARSIM) 2000,
Tactical Simulations (TACSIM), Command
and Control Simulations.

e Combat Training Centers (CTC): National
Training Center (NTC), Joint Readiness
Training Center (JRTC), Combat Maneuver
Training Center (CMTC), and Battle Com-
mand Training Program (BCTP).

¢ Non-System Training Devices (NSTD).

* Range Instrumentation, Targetry, and
Devices.




Table III-P-1. Training System Capabilities

| BATTLEFIELD DYNAMICS
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Q/& & ,@b OQQ (e} &
&/ S/ E/ 8/ &/ SYSTEM UPGRADE ADVANCED CONCEPT
SU/AC FUNCTION /)OS Q) O CAPABILITIES CAPABILITIES
VIRTUAL SIMULATION
System Upgrades
Combined Arms Tactical Traner [O | @ | @ [ ® | @ | @ | « Combined arms training
Family of Simulations ® |0 |0 (®|®® .Battle command training
Distributed Interactive Simulation | @ (@ | @® | @ | @ | @ | * Synthetic battlefield
Combined Arms Training Strategy [ O | @ [ @ | @ | @ | @ [ < Combined arms training

Advanced Concepts
Innovative Simulation-Based

* Joint mission training

Training Strategies * Mission rehearsal
Assessment and Leader B BN BE BK BN J * Mission readiness estimation
Development Technologies * Behaviorally accurate SAFOR

CONSTRUCTIVE SIMULATION

Advanced Concepts
Distributed Models/Simulationsfor @ | @® | ® | ® | @® | @ « Joint mission training
Joint/Theater Exercises * Mission rehearsal

* Mission readiness estimation

LIVE SIMULATION

System Upgrades

Combat Training Centers (CTC) | @ (@ | @® | @ | @ | @ | « Performance data collection/
NTC analysis (UPAS)
JRTC » Contingency mission training
CMTC * Special operations training
BCTP « Joint services training

* Range modernization

Non-System Training Devices ® (O O (®|®|® | . Upgrades of MILES equipment

(NSTD)
Range Instrumentation/Targetry/ { BN BN » Range modernization
Devices
VIRTUAL SIMULATION: Systems and troops in simulators fighting on synthetic battlefields.
CONSTRUCTIVE SIMULATION: Wargames, models, analytical tools.
LIVE SIMULATION: Operations with real equipment in the field.
@ Provides Significant Capability O Provides Some Capability
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Taken together, upgrades to these programs
provide training aids, devices, simulators, and
simulations (TADSS) that will provide the means
for meeting the Army’s training modernization
objectives.

Future training technology initiatives must have
high potential payoff (i.e., reduced training time
and resource consumption). Initiatives must
offer solutions which offset a decreasing force
structure and ensure the means for providing
realistic, dynamic training at both home station
and the Combat Training Centers (CTCs).
CTCs must be upgraded and augmented by
training aids and devices to provide a cost-
effective training environment, using warfight-
ing equipment in conjunction with simulated
environments. A Distributed Interactive Simu-
lation (DIS) capability combined with Virtual
Reality (VR) technology will permit the devel-
opment of synthetic battlefields for training
that complement field training exercises at the

CTCs.

Roadmap for Army Training

Table ITI-P-2 summarizes the training SU/ACs
and relevant technology demonstrations. The
roadmap at Figure III-P-1 details the Army’s
current plans to support future training initia-
tives. Limited advanced development funding

for Training System Upgradesis available in the
outyears.

CTCsrepresentrealistic training environments
using actual equipment on large, instrumented
maneuver areas or advanced simulation pro-
grams. Standardized instrumentation systems
at all CTCs provide precise measurement of
unit performance in these simulated combat
environments. NSTD upgrades include im-
proved Multiple Integrated Laser Engagement
System (MILES) Air/Ground Engagement
Simulation (AGES II) for more effective
integration of aviation operations into CTC
exercises.

The Combined Arms Training Strategy is the
framework that leaders will use to design and
execute effective unit training programs in a
resource-constrained environment. Support-
ing technology demonstrations that will lead
to the Advanced Concepts, shown in Figure
ITI-P-1, are described below.

Technology Programs for Collective
Training

Combat training readiness for a wide spectrum
of conflicts is a top priority for the Army.
CATS seeks to provide the guidance home sta-
tion training leaders need to achieve training
excellence with constrained budgets and time.

Table I1I-P-2. Training Demonstration and System Summary

ATDs (ARPA ATDs)

¢ Synthetic Theater of War (STOW)
 Simulation in Training for Advanced Readiness
(SIMITAR)

Collective Training

¢ Unit Training Strategies

» Training for the Digitized Battlefield
Simulator/Simulation Training

« Joint Training Readiness

¢ Combined Arms Training Strategy for Aviation
* Individual Combatant Training for VE

Improved Personnel Performance
¢ Human Dimensions of Battle Command
« Special Forces Personnel Development

TECHNOLOGY DEMONSTRATIONS

« Personnel Management for the 21st Century

« Distributed Interactive Simulation
¢ Combined Arms Training Strategy
» Combined Arms Tactical Trainer

* Family of Simulations

* Combat Training Centers

* Non-system Training Devices

¢ Range Instrumentation, Targetry, and Devices

Advanced Concepts

» Distributed Models/Simulation for Joint/Theater
Exercises

« Innovative Simulation-Based Training Strategies

* Advanced Assessment and Leader Development
Technologies

TRAINING SYSTEM UPGRADES AND ADVANCED CONCEPTS
System Upgrades

III-P-3




Figure III-P-1. Roadmap for Training Modernization

SYSTEM
UPGRADES 197 1 981 99| 001 01| 021 031 041 05| 06 1 07| 08|
Distributed Unit Training Distributed Models/Sim
Interactive Strategies _-Joint/Theate r
Simulation
Combined Arms
Training Strategy (I:.\A'_I'St_for
(CATS) viation
Training for the Digitized Battlefield »
Individual Combatant Training in VE »
Joint Training Readiness »
Human . pe——
Dimensions Advanced/Assessment an
of Battle Development Tech
Command
Special Forces Personnel
Development
Personnel Management for
the 21st Century
Combined Arms | CATT Upgrades } >
Tactical Trainer
Family of Simulations | FAMSIM Upgrades I >
Combat Training | CTC Upgrades I >
Non-System Training | NSTD Upgrades I >
Devices
Range Instrum/ | »
Targetry Devices r RITD Upgrades I v
Advanced

I1I-P-4




S

The following programs support the CATS
through intelligent and affordable unit training
strategies and by improving commander and
staff effectiveness through research on training,
doctrine, leadership, and organizational design.

Unit Training Strategies (92-98). This re-
search program will provide an empirical basis
for developing effective unit training strategies
for armored and light forces, aircrews, and re-
serve components. This will be accomplished
by developing new training methods and deter-
mining an optimal mix of existing TADSS and
live firing and field exercises. Much of this work
isaimed at discovering better ways to train with
distributed interactive simulation. For example,
in FY97, one program will develop methods for
structuring armor training and automating per-
formance measurement, feedback, and training
management in the close combat tactical trainer
(CCTT) programs. Results will also be used to
update battalion level training models in FY98.
Supports: Distributed Interactive Simulation
and Distributed Models/Simulation for Joint/
Theater Exercises.

Training for the Digitized Battlefield (96-01).
The research program will develop and demon-
strate new training and evaluation technologies
that will prepare operators and commanders to
take maximum advantage of evolving digitized
C3 systems. Techniques and strategies will be
demonstrated and evaluated in Advanced Warf-
ighting Experiments (AWEs). New training
and evaluation technologies for the digitized
battlefield will be used by TRADOC as the
foundation of future doctrine and cost-effective
training strategies. Supports: Combined Arms
Training Strategy (CATS), Innovative Simula-
tion-Based Training Strategies, and Distributed
Models/Simulation for Joint/Theater Exercises.

Technology Programs for Simulator/
Simulation Enhanced Training

Today’s Army must be capable of producing
swift, decisive, low-casualty victories across the
spectrum of conflict anywhere in the world.
Simulated environments can be tailored to pro-
vide realistic training for new critical missions.
For example, prototype simulation-based train-
ing methods are being developed to train light
forces for Stability Operations. Other pro-
grams are developing innovative simulation-
based training approaches for joint exercises,
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dismounted soldiers, and aviators. These pro-
grams include:

Joint Training Readiness (97-01). This re-
search supports the Joint Warfighter Focus
Army Modernization Objective. By FY99 the
program will provide methods for planning and
conducting systematic multi-site, multi-echelon
After Action Reviews of interservice and joint
unit operations. In FYQO, the program will
demonstrate distributed training methods for
planning and executing tactical fires from Bri-
gade through Corps as a Joint Task Force.
Supports: Innovative Simulation-Based Train-

ing Strategies and CATS.

Individual Combatant Training in Virtual
Environments (97-01). This research program
will develop technologies to allow dismounted
soldiers to participate in virtual simulations for
training, concept development, and test and
evaluation similar to their mounted counter-
parts. Methods for training team leaders and
assessing performance will be demonstrated
using state-of-the-art Virtual Environment (VE)
technology. Supports: Innovative Simulation-
Based Training Strategies and CATS.

Combined Arms Training Strategy for Avia-
tion (92-98). This research has as its purpose
the empirical determination of the most effec-
tive training strategies utilizing an affordable
mix of existing TADSS and live exercises for
initial flight skills for individuals and for unit
combat tasks. This research will establish re-
quirements for utilization of and upgrades to
existing simulators. In FY98, the research will
deliver an experimentally validated prototype
aviation training strategy for individual pilot
and unit combat tasks. Supports: Distributed
Interactive Simulation and Distributed Mod-
els/Simulation for Joint/Theater Exercises, In-
novative Simulation-Based Training Strategies,

and CATS.

Technology Programs for Improved
Personnel Performance

Today’s smaller Army must act wisely to en-
sure that its strength, quality, and readiness can
meet the demands of a wider range of opera-
tions. Key to this challenge is enlisting and
retaining quality soldiers and understanding
how to manage organizational changes. Prop-
erly placed, quality soldiers save recruiting,
training, and supporting dollars. The following




programs describe research addressing these
issues.

Human Dimensions of Battle Command (93-
98). This research will determine the key factors
in the effectiveness of tactical and operational
unit commanders and their staffs, with an em-
phasis on the impact of doctrine, training, tech-
nology, and organizational influences. Research
products will support changes in staff training,
command staff design,and command staff train-
ing strategies. A major goal is to demonstrate a
significant improvement in the tactical decision
skills of commanders in the Battle Command
Battle Lab advanced warfighting experiments
(AWE). Supports: Advanced Assessment and
Leader Development Technologies and CATS.

Special Forces Personnel Development (95-
01). This research will develop methods, mod-
els, and strategies to meet the particular needs of
the Special Forces to improve train-
ing (e.g., leveraging and developing advanced
technologies for foreign language training),
reduce training attrition, and enhance leader
and personnel development. Supports: Ad-
vanced Assessment and Leader Development

Technologies and CATS.

Personnel Management for the 21st Century
(97-00). The objective of this research is to
identify noncommissioned officers who can
operate most effectively in the complex, high-
tech Army of the future. The work involves
identifying performance requirements and the
attributes thatunderlie successful performance.
By FY00, the program will produce new meth-
ods for assessing NCOs and recommendations
for fine-tuning career progression procedures.
Supports: Advanced Assessment and Leader
Development Technologies and CATS.
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Other Training Modernization
Programs

The Army's manpower, personnel, and training
science and technology program supports these
activities as well as the majority of the Battle
Labs' advanced warfighting experiments.

ARPA Advanced Technology Demonstration
#1 (Synthetic Theater of War (STOW)).
STOW uses Advanced Distributed Simulation
(ADS) to link live, virtual, and constructive
simulation systems into a synthetic environ-
ment battlefield. The program grew out of the
Synthetic Environment Program (SEP) initi-
ated in 1994. A demonstration is planned for

FY97.

ARPA Advanced Technology Demonstra-
tion #2 [Simulation in Training for
Advanced Readiness (SIMITAR)]. SIMITAR
was initiated to address training readiness
issues identified during mobilization for Op-
eration Desert Shield. Results led to congres-
sional interest and funding (FY93-97) for
DARPA-led research on advanced technology
training for the Army National Guard (ARNG).
The effectiveness of SIMITAR training tech-
nologies will be validated in two ARNG bri-
gades in FY97-98.

Relationship to
Modernization Plan
Annexes

Figure I1I-P-2 shows the correlation between

Army training SU/ACs and other Army Mod-

ernization Plan Annexes.




Figure II1-P-2. Correlation Between Training S/SU/ACs and Other Modernization Plan Annexes
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Space

Introduction

The future success of Army forces and their
mission will be critically dependent upon the
successful exploitation of space assets, capabili-
ties, applications, and products. Space tech-
nologies will aid the Army in the areas of
information operations, space control, intelli-
gence collection and exploitation, target acqui-
sition, navigation, long and short distance
communications (by maintaining line of sight
despite intervening obstacles), warning of bal-
listic missile attacks and other pending threats
to land forces and individual soldiers, location
and management of logistics assets including
automated exchange of logistical data, environ-
mental monitoring, mapping and charting of
the earth's surface, and weapons guidance over
occupied and unoccupied terrain. Changes in
force structure, transition from a forward de-
ployedtoaforce (power) projection Army, and
changes in Army missions have increased the
importance of space in standard and special
operations.

The ability to improve space-based capabilities
hinges on the application of advanced technol-
ogy. Some of these technologies will improve
sensitivity and increase the capacity of existing
systems while others are designed to extend the
life of space systems and provide more versatil-
ity in applications. The Army role is not in
building, launching, or operating space systems
independently, but in developing, procuring,
and fielding ground terminals, integrating space
with non-space systems, user equipment, and
ensuring that mission payloads address a wider
range of Army requirements.

The Army is developing technologies to better
support the warfighter using space-based assets
and space applications. The Army's goal is to
make the use of space a standard part of the
planning for all appropriate Army operations
and an integral part of the execution of all
missions. This normalization of space provides
the best utilization of technological capabilities
to support warfighters, and the Army space
policy to:
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e Capitalize on existing and emerging space-
related systems' capabilities.

e Exploit space activities that contribute to the
successful execution of Army missions as
part of a total force.

e Support assured access to space and use of
space-related capabilities to aid strategic, op-
erational, tactical, and special operations
missions.

Relationship to Operational
Capabilities

Space systems and space applications are con-
tinuing to increase in importance to operational
capabilities. The use of satellite communica-
tions, terrain and navigation using Global Posi-
tioning Systems (GPS), satellite weather
forecasting, space systems to conduct informa-
tion operations, intelligence collection, and
threat warning systems to support operations
are indications of the success the Army has had
in normalizing space into standard operating
procedures. The use of space products supports
Army doctrine during peacetime and in times of
conflict.

As space applications are primarily in the area of
force enhancement and force application, the
Army looks at the exploitation of space systems
as a valuable means of enhancing existing sys-
tems and inserting operational capabilities not
previously available. In addition, many space
applications can be implemented by the use of
commercial systems. One example of this is the
commercial space package procured by the Army
in FY94/95, which consists of commercial fixed
and mobile satellite terminals, commercial
weather receivers, mission planning and rehearsal
systems, the prototype Tri-band satellite com-
munications terminal, and the multispectral
image processing systems. This equipment is
available from Army Space Command to sup-
port contingencies and deployment exercises
by providing initial communications,

mapmaking capability, in-theater weather fore-
casting, and mission planning and rehearsal.

Table III-Q-1 represents the relationship be-
tween the Space Modernization areas and Sys-
tems, Systems Upgrades and Advanced
Concepts (S/SU/ACs). Force application will,
in the near term, involve the protection of North
America from ballistic attack and will include
Army systems to counter such attacks.




Table III-Q-1. Space System Capabilities
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3.

Space Modernization
Strategy

Thisyear, Space Modernizationincludes "Space
Exploitation." There are space applications
that support all of the Army modernization
objectives. Communications supports Project
and Sustain, Joint Tactical Ground Terminals
are used to provide missile and other warning
to protect the force, numerous command and
control efforts are used in winning the informa-
tion war, space-based intelligence and Tactical
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Exploitation of National Capabilities
(TENCAP) systems support battlefield visual-
ization planning, precision strike, and targeting
and the use and applications of GPS and GPS

nhancements assist in dommatlng mancuver.

Asour potential adversaries continue to acquire
modern technology to update their systems, itis
clear that Army access to and exploitation of
space capabilities must be upgraded through a
continuous modernization program, inserting
high leverage technologies to bring about supe-
rior capabilities from space to the Army




warfighter. These long-term needs will be met
by efforts that are planned and programmed
today.

In the near term, part of the space moderniza-
tion strategy is to leverage, buy, and exploit
commercial civil and military systems, termi-
nals, and receivers for application on current
satellite systems. This strategy includes defin-
ing requirements and focusing technologies to
provide for future applications of planned sys-
tems, as well as influencing the design and de-
velopment of future satellite systems to satisfy
Army requirements. For example, in the case of
leveraging assets from civil agencies, the Army
is working with NASA and the Air Force to use
the NASA Lewis and Clark Spacecrafts to sat-
isfy some Army imagery requirements. Addi-
tionally, the Army has participated in the
development of the systems requirements for
two Air Force programs, the Space-Based In-
frared Systems program and the small space-
craft, Warfighter-1. The Army's active
involvement with these programs in the early
phases of development helps to ensure that
Army warfighting requirements are addressed
in the design of these systems.

The growing importance of space support to
the theater warfighter will require changes
from current centralized processing to theater
direct downlink and direct access terminals.
The approval of the Tactical Satellite System
by the Joint Requirements Oversight Council
validated the requirement for support of these

operations. Limited or dedicated payload
tasking and control by in-theater forces will
provide the capability to satisfy the space sup-
port requirements.

Table III-Q-2 lists the ATDs, Technology
Demonstrations and S/SU/ACs for Space
Exploitation.

Roadmap for Space Systems

Army efforts in the application of space are to
normalize space applications in operations in
the Army. Toward this objective, a number of
projects are ongoing for the application and
development of technologies to exploit space to
meet Army requirements. The roadmap for
Space Exploitation is shown in Figure III-Q-1.
The projects in the Space Exploitation area
follow.

Digital Battlefield Communications (DBC)
ATD (95-99). The DBC ATD demonstrates a
secure, robust, seamless, digital, multimedia in-
formation transport capability for the Army
tactical user. It is discussed in detail in C¥4,
Section E.

GPS Azimuth Determining System (90-97).
The GPS Azimuth Determining System (GPS
ADS) is a combat multiplier that provides
pointing with survey quality accuracy using the
principle of microwave interferometry to sig-
nals transmitted from NAVSTAR GPS to
provide azimuth, position, elevation, and roll to

Table ITI-Q-2. Space Demonstrations and Systems Summary

ATDs

* Digital Battlefield Communications (see C4)

(See Volume 11, Annex B, for additional information.)

¢ GPS Azimuth Determining System

» Theater Direct Access

* Multi/Hyperspectral Data Applications
* Laser Satellite Communications

» Battlefield Ordnance Awareness

* Laser Boresight Calibration

* Range Extension/Surrogate Satellite

TECHNOLOGY DEMONSTRATIONS

System
» Joint Tactical Ground Station (JTAGS)

System Upgrades
¢ Communications

* Theater Missile Defense (TMD) Weapons
» Multiple Launch Rocket System (MLRS)

SYSTEMS/SYSTEM UPGRADES/ADVANCED CONCEPTS

» Single-Channel Anti-Jam Manportable (SCAMP) Terminals

Tactical Exploitation of National Capabilities (TENCAP)

Advanced Concepts

* Communications Transport

¢ Advanced Image Collection and
Processing

* Force XXl
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Figure III-Q-1. Roadmap for Space
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an azimuth accuracy of 1.0 mils and elevation
accuracy to 3.5 mils in 4 seconds. The GPS
ADS will be used to meet the pointing require-
ments of indirect fire weapons, radars, intelli-
gence systems, communications tracking,
combat aviation, maneuver, blue force track-
ing, and forward observers. It will be installed
on numerous platforms as a system enhance-
ment. Supports: System upgrades in Multiple
MLRS, AFAS, Precision Strike, Trailblazer,
and THAAD.

Theater Direct Access Demonstration (95-
98). A tactical satellite launched by DARPA
will be used to conduct a proof of concept
technology demonstration with Army
TENCAP systems to show the capability of
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satellite mission tasking direct from theater
forces. The Joint Army/DARPA/NSA pro-
gram will conduct the technology demonstra-
tion of this concept in support of Early Entry
and Battle Command doctrine. Supports: Tac-
tical Satellite system and system upgrades to
Army TENCAP.

Multi/Hyperspectral Data Applications (94-
00). The Army will demonstrate several tech-
nologies to be used in the collection of
multispectral and hyperspectral imagery for
the exploitation of remote earth sensing imag-
ery. This has applications in the areas of recon-
naissance and intelligence, as well as terrain
analysis. The collection sensors will be used to




develop the data base required to identify spec-
tral signatures for future exploitation. The
prototype sensor will demonstrate Army tacti-
cal utlity in ground and flight test. Combine
phenomenology between spectral and polar-
ization will be investigated for detection and
identification of tactical targets. These sensors
will assist in the development of Army require-
ments for the next generation of remote earth
sensors. Sensor technology will transition to
Army sensor packages, to UAV, or to space
systems. Supports: Precision Strike, TMD
Weapons, and Advanced Image Collection and
Processing.

Laser Satellite Communications (95-99). A
proof of concept demonstration will be con-
ducted using ground-to-ground and ground-
to-air systems for laser communications. This
technology has the potential to increase the data
capacity above that of existing communications
while decreasing the weight, size, and power
requirements. Data rates up to 1 gbps are
possible. The proof of concept will be devel-
oped into a technology demonstration and in
the future transition into a dual use terminal or
a tri-band to support the Common Ground
Station. Mountain top-to-mountain top ex-
periments have been successfully completed.
Feasibility studies are being done to assess the
ground-to-ground and space-to-ground roles.
More hardwareis beingbuiltto perform ground-
to-ground and ground-to-air experiments.
Future experiments will put hardware on a
satellite to perform space-to-air and space-to-
ground experiments. Supports: Digital Battle-
field Communications ATD, Communications
Transport System, and Force XXI.

Battlefield Ordnance Awareness (BOA)
(FY96-02). The program is to demonstrate a
near real-time ordnance reporting system using
onboard processing with space sensors. This
technology will improve battlefield visualiza-
tion of friendly and enemy ordnance fires and
cruise missile launches. It addresses the need to
target ordnance delivery for counterfire pur-
poses, amajor battlefield deficiency. The BOA
capability will identify the ordnance by type
and provide position information for counter
fire opportunities, as well as Battle Damage
Assessment, blue forces ordnance inventory,
information for dispatch forlogistical and medi-
cal support, and search/rescue. Advanced pro-
cessor technology will be used with
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state-of-the-art plane staring arrays to provide
critical information to the commander. Sup-
ports: TMD Weapons, Depth and Simulta-
neous Attack, Early Entry Battle Labs, and
Field Artillery Systems.

Laser Boresight Calibration (95-98). This
program will develop a solid-state laser calibra-
tion capability for Joint Tactical Ground Sta-
tion (JTAGS) system. The laser calibrator will
provide a known ground registration point for
space-based sensors resulting in improved
launch point predictions and impact area for
Theater Ballistic Missiles (TBM). It will reduce
the command and control timelines plus im-
prove the overall responsiveness of the Joint
Precision Strike and TMD forces by signifi-
cantly reducing the TBM search box. The
improved line-of-sight target accuracy will re-
sult in higher quality missile warning, alerting,
and cueing information. This capability will be
integrated into the JTAGS P3I. Supports:
Theater Missile Defense (TMD)-JTAGS, Army
Tactical Missile System (ATACMS).

Range Extension/Surrogate Satellite (94-99).
The goal of this demonstration is to support
Army C4I modernization by developing and
demonstrating key technologies and capabili-
ties forflexible and affordable intra-theater long
range communications. It includes the use of
surrogate satellites, enhancements to current
SATCOM equipment, and unmanned aerial
vehicle (UAV) cross links. A range extension
testbed was developed in FY96, followed by
commercial UAV demonstrations, SATCOM
terminal modifications in FY97 (to use with the
relay/surrogate satellite), battlefield paging,
network controller and switching, and UAV
cross links to be completed in FY99. A fully
integrated demonstration of a SHF network
will be conducted in FY99. This demonstration
also supports C4, and is referenced further in
C4,SectionIII-E. Supports: Digital Battlefield
Communications, UAV Payload Program,
Communications Transport System, Force XXI.

Relationship to
Modernization Plan
Annexes

Figure I11-Q-2 shows the relationship between

the Space S/SU/ACs and Army Modernization
Plan Annexes.




Figure ITI-Q-2. Correlation Between Space S/SU/ACs and Other Modernization Plan Annexes
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CHAPTER IV

TECHNOLOGY
DEVELOPMENT

A.

Introduction

Chapter IV reflects the Army’s investments to
implement its post-Cold War science and tech-
nology visionand strategy, asdescribed in Chap-
ter I, Strategy and Overview, and in Chapter II,
Science & Technology Integration with Army
XXI Requirements Determination. This chap-
ter addresses the Army’s 6.2 investment strat-
egy, which is presented as 19 areas that are

adapted from the subarea architecture of the
Defense Technology Area Plan (DTAP). The
DTAP taxonomy changed in FY96, consolidat-
ing 19 Defense Technology Areas from the
prior year into 10, and assigning some of those
areas to subarea status. This chapter has re-
tained the 19-areaformatinitially adopted in the
FY96 ASTMP. The link between the Defense
Technology Areas and the chapter sections is

shown in Table IV-A-1.

Table IV-A-1. Defense Technology Areas/Chapter IV Taxonomy

DEFENSE TECHNOLOGY AREA

RELATED CHAPTER IV SECTION

Air Platforms

Chemical & Biological Defense and Nuclear

Information Systems and Technology

Ground and Sea Vehicles

Materials/Processes

Medical and Biomedical

Sensors and Electronics

Space Platforms

Human Systems

Weapons

Portions of Air and Space Vehicles
Portions of Aerospace Propulsion and Power

Chemical & Biological Defense and Nuclear

Command, Control, and Communications
Computing and Software
Modeling and Simulation

Ground Vehicles

Materials, Processes, and Structures
Civil Engineering/Environmental Quality
Manufacturing S&T

Medical and Biomedical S&T

Sensors
Electron Devices
Battlespace Environments

Portions of Air and Space Vehicles
Portions of Aerospace Propulsion and Power

Human Systems Interface
Individual Survivability and Sustainment
Manpower, Personnel, and Training

Conventional Weapons
Electronic Warfare/Directed Energy Weapons
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Linkage of the Technology Objective tables
with their related TRADOC Operational Ca-
pability Requirements (OCRs) started in the
FY96 ASTMP and is continued this year. A
listing of current OCRs is provided in Volume
I, Annex C, of this plan.

The Army’s basic research, applied research,
and advanced technology development work
emphasizes technology that can be applied to
upgrade currently fielded systems. This focus
helps maintain an operational edge for the near
term while simultaneously developing tech-
nologies to ensure future land force dominance
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in the mid to far term. The thrust of the Army
investment is to capitalize on technology op-
portunities, to reduce technology barriers, and
to exploit emerging technology options for es-
sential battlefield capabilities—as defined by
our warfighters.

The Army investment in Applied Research en-
ables advanced concepts for land combat, and
constitutes the critical technology development
link between the Army’s basic research thrusts
discussed in Chapter V and the Army Modern-
ization Plan Annexes and roadmaps described
in Chapter III.




Strategy

Consistent with the commitment to sustain its
science and technology base, the Army 6.2 pro-
gram identifies and focuses on selected tech-
nologies that will provide the maximum
warfighting capability for every dollar invested.
This demands a significant dual commitment to
in-house Army applied research and to the
expansion of cooperative efforts with the other
Services and industry. The Army leverages
research and technology opportunities in
academia, industry, and the international com-
munity to promote efficiency and synergy atall
levels. The Army Research Laboratory imple-
mentation of the federated laboratory concept
in 1996 will play a major role in this strategy.
The technology leveraging and transfer pro-
gram is discussed more fully in Chapter VII.

The Army S&T oversight process, as described
in Chapter I, prioritizes technology needs and
opportunities based upon their potential to pro-
vide critical battlefield capabilities. These capa-
bilities are jointly defined by the combat and
materiel developers. The early and continuous
involvement of the warfighter in the S&T
capabilities definition process allows for a bal-
anced look at the “Technology Push” coming
from the Army’s S&T community and the “Re-
quirements Pull” prompted by the immediate
needs of the warfighter. A mechanism which
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promotes this alignment is the interplay be-
tween the combat and materiel developers that
occurs during the Army STO Reviews and the
TRADOC S&T Reviews. Both take placeinthe
spring, and result in an S&T program that is
more attuned to warfighter needs.

Studies by the BAST-STAR Panel, the Defense
and Army Science Boards, the Army’s in-house
S&T community, and the TRADOC battle labs
and schools have all recommended that Army
S&T focus on “critical” technologies. The Army
6.2 investment in the 19 technology areas re-
flects this commitment to eliminate the barriers
thatimpede technology opportunities presented
by the most promising state-of-the-artadvances.
While its main focus is providing capabilities for
land force dominance, the Army investment is
also aligned with the DoD strategy as summa-
rized in Chapter I.

Each section in this chapter is structured to
define the technology area, to summarize the
Army’s ongoing technology work, and to pro-
vide a forecast of future capabilities. The years
shown on each Technical Objectives table ap-
proximate key aspects of the PPBES process
timetable. FY97-98 relates to the budget years.
FY99-03 addresses the POM time period, and
FY04-12 covers the Army RDA Plan. The
Army Science and Technology Objectives
(STOs) that are associated with this chapter can
be found in Volume II, Annex A, of this plan.




Aerospace
Propulsion and
Power

Scope

Advanced propulsion and power technologies
provide the muscle for Army land combat sys-
tems. Toward this end, the Army aerospace
propulsion and power technology area focuses
on technologies that will result in aircraft and
missile propulsion systems and components,
including prime power transmission, that are
more compact, lighter weight, higher horse-
power, more fuel efficient, and lower cost than
those currently available. It also focuses on
compact, lighter weight, lower cost, and longer
duration aircraft and space vehicle power gen-
eration systems and their components. Inaddi-
tion, it includes associated fuels and lubricants.
It excludes efforts directed toward generic ma-
terials, which are included in Materials, Pro-
cesses and Structures, and moderate- to
large-scale manufacturing process development,
whichisincluded in Manufacturing Science and
Technology. Missile propulsion is discussed in
Section I, Conventional Weapons.

Rationale

Aerospace propulsion and power technology
will provide mobility for next generation Army
aircraft and missiles and upgrades to current
systems. These systems, coupled with modern
doctrine, tactics, and training, will provide our
soldiers the capabilities needed to execute pre-
ciston strikes, to dominate maneuver battles,
and to project and sustain combat power.

Army aerospace propulsion and power tech-
nology is developed jointly and in close coordi-
nation with the other military services, the
National Aeronautics and Space Administra-
tion (NASA), and industry, thus inherently
promoting dual use technologies and processes.
As aresult, both civilian industry and the mili-
tary industrial base are strengthened and devel-
opment is faster, more efficient, and less costly.
In-house Army laboratory expertise is needed
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to ensure that those technologies pertinent to
Army requirements are addressed, and to en-
able the Army to be a smart buyer and to
perform the high risk technical investigations,
research, and development that ensure attain-
ment of Army requirements. The overall costto
the taxpayer for joint ventures having both
military and civilian applications is therefore
minimized.

Technology Subareas

Rotorcraft Propulsion

Goals and Time Frames

In the gas turbine area, under the Integrated
High Performance Turbine Engine Technology
(IHPTET) program, the Army, other Services,
National Aeronautics and Space Administra-
tion (NASA), Defense Advanced Research
Projects Agency (DARPA), and industry are
working together to reduce specific fuel con-
sumption by 40 percent and to increase the
power-to-weight ratio by 120 percent of future
(compared with current) engines by FY03. This
enhanced propulsion capability will significantly
improve Army rotorcraft range and payload
characteristics starting in the year 2000 and
beyond. IHPTET technology will also be ap-
plicable for ground vehicles. An “Advanced
Concepts (or IHPTET IV)” activity has also
begun with the goal of defining the path for gas
turbine propulsion technologies and challenges
beyond IHPTET Phase II1.

Progress and Plans
Gas Turbine Engine Technology

Typically, turbine rotors use the “fir-tree”
method for the blade/disk attachment. How-
ever, by employing an integrally bonded blade/
disk rotor, the disk material in the “dead” rim
can be eliminated, significantly reducing disk
weight. Under the Low Inertia Turbine Pro-
gram, AlliedSignal has fabricated an integrally
bonded rotor consistent with the JTAGG II/
IHPTET Phase II goals (STO IV.C.1). Design
bond strength requirements have been success-
fully demonstrated in an 1100 F-spin test. Mi-
nor modifications have been made to improve
the bonding process, and another rotor will be
fabricated and spin pit tested in 1Q FY97. This
is the attachment configuration for the JTAGG




II HPT which, upon successful completion,
will reduce the risk of incorporating this tech-
nology into the gas generator.

Rotorcraft Drive Technology

Spiral-bevel gears (SBGs) are used extensively
in rotorcraft applications to transfer power and
motionthrough nonparallel shafts. While SBGs
have had considerable success in these applica-
tions, they are a major source of vibration in
gearboxes, and thus a main source of cabin
noise. An analytically based optimal design
tool was developed which modifies the gear
tooth profile to minimize SBG noise and vibra-
tion. Advanced design spiral-bevel gears were
tested, including configurations with increased
fillet radius to reduce tooth bending stress,
modified tooth geometry to reduce noise, and
provisions to reduce premature contact
and eliminate wear problems. In FY96, an
optimum design was fabricated and tested. The
test demonstrated more than a 50 percent de-
crease in gearbox vibration and over 10dB in
noise reduction.

Major Technical Challenges

In order to reduce fuel consumption, turbine
engine thermodynamic efficiency must be in-
creased. Meeting IHPTET goals will require
cycle temperatures near or equal to stoichio-
metric combustion conditions. If the engine
power-to-weight ratio is to be increased, mate-
rials must be found that can survive substan-
tially higher operating temperatures,
approaching 1900°C (3500°F) in the combustor
and turbine, and withstand a 280°C (500°F)
increase over present levels in the compressor
while retaining required mechanical strength.
In addition, methodologies must be developed
and validated for the design of more highly
loaded aerodynamic components, allowing
lower parts counts. And drive train research
must be performed to lower weight, volume,
noise, and durability barriers. Specific technical
challenges are highlighted below.

(1) Gas turbine engine technology

* High temperature, light weight materials in-
cluding metal matrix comp051tes (MMCs)
and ceramic matrix composites (CMCs)

e Efficient, highly loaded, wide range com-
pressors and turbines

* High temperature, high speed, high pressure
engine mechanical components (e.g., bear-
ings, seals, gears)

e Computationally efficient, experimentally
validated advanced design codes

(2) Rotorcraft drive technology

* Lightweight, high strength, tribologically
robust gear materials

* Accurate dynamic, noise and life prediction
codes

* Minimum lubricant weight designs

* Efficient, lightweight, high power density
electric drive components

Fuels and Lubricants

Goals and Time Frames

In the fuels and lubricants sub-subarea, the
Army’s major thrust is in the development and
demonstration of new analytical technologies
by 1997 for rapid assessment of petroleum qual-
ity using spectroscopic and chromatographic
methods. The technology being developed will
be incorporated into the Army’s new Petro-
leum Quality Analysis system.

Major Technical Challenges

The new analytical methods will enable a sig-
nificant reduction in the operational require-
ments for petroleum testing in the field (i.e., 50
percentless manpower, 70 percent reduced test-
ing time, and 60 percentless test hardware). The
technical challenges encompass compressing the
testing time, developing improved detection
systems, correlating testing results, and devel-
oping expert systems.
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Roadmap of Technology
Objectives
The roadmap of technology objectives for Aero-

space Propulsion and Power is shown in Table
IV-C-1, below.




Table IV-C-1. Technical Objectives for Aerospace Propulsion and Power

Technology
Subarea

Near-Term
FY97-98

Mid-Term
FY99-03

Far-Term
FY04-12

Small Turbine Engines

High efficiency, high pressure
ratio, dual alloy centrifugal
impellers.

Characterize start up process
of non-traditional compression
system.

Non-intrusive ignition.
Turbines with high cooling
effectiveness airfoils bonded to
PM disk.

Flight weight magnetic bearing
control.

Non-metallics for combustor
and turbine applications.

3.5 MDN ceramic steel roller
bearings.

OCRs supported: CSS 17;
DSA 01, 01; DBS 23, 24, 25;
MTD 03, 04; EEL 16, 18.

Higher temperature inter/non-
metallics for turbine and
combustors.

Stability enhancement/active
surge control concept demo.
Alternate compression system
demonstrated.

Metal matrix composites for
compression systems
application.

Wide operating range, low
pattern factor combustion
system.

>1000°F magnetic bearing.
Non-traditional seals.

High torque/stiffness PT shaft.
OCRs supported: CSS 17;
DSA 01, 02; DBS 23, 24, 25;
MTD 03, 04; EEL 16, 18.

Unconventional compression,
combustion, power producing
systems, and arrangements.
Smart engine concepts
demonstrated.

OCRs supported: CSS 17;
DSA 01, 02; DBS 23, 24, 25;
MTD 083, 04; EEL 16, 18.

Rotorcraft Power
Transfer Systems

Hardened/ground face gears
life and reliability data
documented.

Completed seeded fault
diagnostic/prognostic spiral-
bevel gear tests.

OCRs supported: CSS 17;
DSA 01, 02; DBS 23, 24, 25;
MTD 03, 04; EEL 16, 18.

High speed gearing thermal
behavior validation tests.
Efficient electric component
demo.

High temperature-lightweight
lube system.

* Low noise/lightweight planetary

gear system.

¢ OCRs supported: CSS 17;

DSA 01, 02; DBS 23, 24, 25;
MTD 03, 04; EEL 16, 18.

Nonferrous, hybrid gear and
shaft systems.

Electric power transmission
feasibility demo.

OCRs supported: CSS 17;
DSA 01, 02; DBS 23, 24, 25;
MTD 03, 04; EEL 16, 18.

Fuels and Lubricants

Develop field supportable, fast

fuel quality analyzer.

OCRs supported: CSS 18, 20;
DSA 22; DBS 23; EEL 19; MTD
03.
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Air and Space
Vehicles

Scope

DoD has assigned the Army as the lead for
Rotary Wing science and technology in the
areas of aeromechanics, flight control, struc-
tures, and subsystems supporting development
of military rotary-wing air vehicles. The Avia-
tion community is aligning all planning docu-
ments to coincide with the DoD (DDR&E)
requirement to establish technology objectives,
identify technical barriers, and establish mile-
stonesforachievement. Programs will be tracked
by OSD to these detailed plans. The rotary-
wing vehicle sub-areais divided into the follow-
ing four technology efforts: aeromechanics,
flight control, subsystems, and structures. The
Goals objectives for each technology effortand
the time frames for accomplishing them have
been setin accordance with the DDR&E docu-
ment entitled “Rotary Wing Vehicle (RWV)
Technology Development Approach (TDA)”
and are summarized below.

Rationale

Rotorcraft have become critically important
members of the combined arms team, bringing
a degree of deployability, mobility, lethality,
and sustainability to the battlefield commander
not available with other systems. With the
continuing decrease in fiscal resources,
affordability and dual use have become increas-
ingly important in shaping Army Aviation’s
S&T strategy. Technology must support solu-
tions to real world problems, avoiding work
which does not provide leap ahead improve-
ments in system capabilities. This is important
to the sustainment of current systems, as the
fielding of new systems is being pushed further
tothe “outyears.” Froma dual use perspective,
civiian and military Rotorcraft communities
have a mutual stake in all but few areas of
rotorcraft technology research, such as the work
being done to reduce the vulnerability of rotor-
craft in battlefield environments. Improve-
ments in handling qualities, vibration, and sound
level reductions are equally important to civil
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and military rotorcraft operators. It is estima-
ted that 95 percent of the DoD investment in
rotary-wing technology has civil application.

Technology Subareas

Aeromechanics

Goals and Time Frames

Work in aeromechanics technology addresses
efforts in multidisciplinary phenomena includ-
ing acoustics, aerodynamic performance, rotor
loads, vibration, maneuverability,and aeroelastic
stability. Aeromechanics science and technol-
ogy seeks to improve the performance of rotor-
craft while reducing the noise, vibrations, and
loadsinherentto helicopter operation. Effortsare
focused on refining analytical prediction meth-
ods and testing capabilities, on improving the
versatility and efficiency of modeling advanced
rotorcraft, and on achieving dramatic advances
through concept applications. Attaining the
goal of a “jet-smooth ride” in helicopters will
greatly enhance public acceptance, along with
providing quieter rotorcraft. The goals set at
component level are focused on reducing vibra-
tory loads 33 percent to 53 percent, reducing
vehicle adverse aerodynamic forces 10 percent
to 20 percent, increasing the maximum blade
loading 15 percent to 25 percent, increasing the
rotor aerodynamic efficiency 5 percent to 10
percent, reducing acousticradiation4dB to 7dB,
increasing rotor inherent lag damping 50 per-
cent to 100 percent, and increasing the accuracy
of aeromechanics prediction effectiveness 74
percent to 84 percent. The span of time set for
accomplishing these goals runs from the present
through the year 2011 with an intermediate
milestone at year 2004. These goals and associ-
ated milestone are in tabular form following.

Improvement (%)
Goals By 2005 | By 2012

Reduce vibratory loads 33 53
Reduce vehicle adverse aerodynamic 10 20
forces
Increase maximum blade loading 15 25
Increase rotor aerodynamic efficiency 5 10
Reduce acoustic radiation 4dB 7dB
Increase rotor inherent lag damping 50 100
Accuracy of aeromechanics prediction 74 84
effectiveness




Major Technical Challenges

¢ The inability to accurately predict and con-
trol stall and compressibility characteristics
of current airfoils and their impact on un-
steady loads and the resulting structural dy-
namic responses.
Approach—Investigate the influence of air-
foil profile on development of dynamic stall
in compressible flow; quantify influence of
compressibility on flow control techniques;
develop innovative ways to use smart materi-
als for flow control and structural response.

¢ The inability to accurately predict and con-
trol forces caused by viscous and interac-
tional aerodynamics and separated flow.

Approach—Enhance flowfield visual tech-
niques using Doppler Global Velocimetry;
study various models’ rotor wake and fuse-
lage pressure distributions using Isolated
Rotor Test System. Calculate adverse forces
using validated Computational Fluid Dy-
namics (CFD) and comprehensive analyses.

¢ The inability to accurately predict and con-
trol stall and compressibility characteristics
of current airfoils along the span of the rotor
blades and their impact on blade loading
limits. The inability to markedly increase
maximum outboard blade lift coefficients.

Approach—Develop high dynamic-lift stall-
freeairfoils with multi-element concepts such
asslat, slots, variable leading edges, or bound-
ary layer controls.

* The inability to accurately predict and con-

trol forces caused by viscous aerodynamics
and separated flow.
Approach—Develop reliable, validated engi-
neering computational codes based on full-
potential, vortex embedding techniques to
predict rotor performance and loads in all
flight regimes.

e Thenability to predict and control the effect
of the rotor wake and blade response on
unsteady aeroacoustic loads. Controlling
compressibility effects on advancing-blade
acoustic sources and propagation phenom-
ena is hampered by the interdependence of
numerous parameters which influence noise
radiation.

Approach—Develop verified CFD code to
predict wake geometry, airloads, and
performance for rotor blades, in particular
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blade-vortex interaction regimes and the re-
sulting aeroacoustics.

e Identifying successful combinations of
aeroelastic rotor couplings toincrease damp-
ing. The constraints include conflicting de-
sign requirements, rotary-wing operating
regime diversity, and fail-safe reliability
requirements.

Approach—Investigate kinematic and smart
structures couplings which result in less de-
pendency on separate damping devices. Uti-
lize parametric rotor testing to substantiate
prediction fidelity of marginally-damped ro-
tor configurations.

* The lack of solution to the multidisciplinary

rotorcraft system phenomena. Significant
difficulty of acquiring high-quality correla-
tion data for validation. Prediction-to-de-
sign interface inadequate for complex
rotorcraft synthesis.
Approach—Prediction effectivenessattributes
defined and composed against data to deter-
mine elementaccuracy. Metrics forimprove-
ment shall include quantifiable subelement
effectiveness and system integration value,
suchasinaproductand process development
simulation.

Flight Control

Goals and Time Frames

Flight control technology defines the aircraft
flying qualities and pilot interface to achieve
desired handling qualities in critical mission
tasks, synthesizes control laws that will facili-
tate a particular configuration achieving a de-
sired set of flying qualities, and integrates
advanced pilotage systems to the aircraft. He-
licoptersareinherently unstable, nonlinear, and
highly cross coupled. As with many other
technologies, the revolution in the power and
miniaturization of computers holds tremen-
dous promise in this field, permitting realiza-
tion of the full potential of the rotorcraft’s
performance envelope and maintenance of mis-
sion performance in poor weather and at night.

Through the integration of the vehicle’s flight
control system with weapons fire control, a 60
percent improvement in the pointing accuracy
by the turn of the century will permitincreased
use of low-cost, unguided rockets as precision
munitions. Further, a significant development
cost driver is being assessed. Objectives have




Improvement (%)

Goals By 2005 | By 2012
Improve external load handling CHPR 4 | CHPR 3
qualities at night
Improve external load handling CHPR 4 | CHPR 3

qualities with partial actuator authority

Reduce the probability of encountering 50 90
degraded handling qualities due to
flight control system failures

Improve weapon-platform pointing 60 80
accuracy techniques
Increase exploitable agility and 10 15

maneuverability

Reduce flight control system flight test 30 50

development time

CHPR = Cooper Harper Pilots' Rating

beensettoimprove externalload handling quali-
ties at night and with partial actuator authority
each from a Cooper Harper Pilot’s Rating
(CHPR) of 4 to 3, reducing the probability of
encountering degraded handling qualities due
to flight control system failures 50 percent to 90
percent, improving the weapon platform point-
ing accuracy technlques 60 percent to 80 per-
cent, increasing exploitable agility and
maneuverability 10 percent to 15 percent, and
reducing flight control system flight test devel-
opment time from 30 percent to 50 percent.
Time span for accomplishment is from the
present through year 2011 with an intermediate
milestone at year 2004. These goals are quanti-
fied in the table above.

Magjor Technical Challenges

e Lack of knowledge of optimal rotorcraft re-
sponse types (rate, attitude command/atti-
tude hold, translational rate command) and
their interactions with load suspension dy-
namics and load aerodynamics.

Approach—Use piloted simulation and flight
test to investigate handling qualities require-
ments for external loads. Develop appropri-
ate criteria for poor weather and darkness.
Extend efforts to address high speed flight
and loads with significant aerodynamic
interactions.

* Lack of techniques for sensing the onset of
limits, determining appropriate actions, and
cueing the pilot or generating automatic in-
terference to permit the pilot to safely, but
aggressively, fly the rotorcraft out to the
limits of the flight envelope.
Approach—Use analysis and piloted simula-
tion to develop techniques for protecting
the pilot from loss of control and avoiding
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catastrophic failures or reduced fatigue life.
Validate critical concepts in-flight using vari-
able stability helicopter.

* Inadequate air vehicle mathematical model-

ing and Flight Control System (FCS) design,
optimization, and validation techniques.
These deficiencies prevent achieving desired
handling qualities for advanced configura-
tions and critical mission tasks, without time
consuming iteration during flight test.

Approach—Improve mathematical modeling
and simulation fidelity so that new aircraft
actually fly as designed. Improve techniques
forupdating math modelsand controllaws to
minimize time required to diagnose and elimi-
nate deficiencies. For advanced fly-by-wire
flight control systems develop simpler re-
dundancy management and software V&V
techniques so that time for making changes
can be reduced.

e Lack of knowledge of optimum functional
integration of flight controls, engine fuel
control, the weapon systems, and the pilot
interface.

Approach—Develop a viable Integrated Fire
and Flight Control (IFFC) system architec-
ture; conduct manned full-mission simula-
tion, ground demonstration of hardware and
software for airborne vehicle application;
and flight test demonstration of the IFFC
concept.

Structures

Goals and Time Frames

Focusing on Integrated Product and Process
Development (IPPD), rotary- Wlng structures
science and technology aims at improving air-
craftstructural performance while reducing both
acquisition and operating costs of the existing
fleet of aircraft and future systems. The techni-
cal feasibility of load synthesis methods
(holometrlcs etal.)and regime/flight condition
recognition algorithms as means to predicting
the actual loads experienced in-flight has been
demonstrated; further improvements to the re-
liability of these methods will enhance the safety,
performance, and cost effectiveness of rotor-
craft. “Virtual prototyping” of systems to op-
timize the structural design for efficiency and
performance will remove a large portion of the
risk in exploring new conceptsand rapidly move
the most promising concepts to production.




Improvement (%)
Goals By 2005 | By 2012

Increase accuracy of in-flight 95 98
cumulative fatigue damage prediction
techniques
Reduce recurring production labor 25 40
hours by weight for composite
structures
Increase airframe structural efficiency 15 25
Increase displacement capability of 300 500
smart materials actuators
Increase accuracy of structural loads 75 85
prediction

Objectives have been established for the 2004
and 2011 timeframes, relating to increasing the
accuracy of in-flight cumulative fatigue damage
prediction techniques by 95 percent and 98
percent; reducing the production labor hours
per pound for composite structures by 25 per-
cent and 40 percent; increasing airframe struc-
tural efficiency by 15 percent and 25 percent;
increasing the displacement capability of smart
materials actuators by 300 percent and 500 per-
cent; and increasing the accuracy of structural
loads prediction by 75 percent and 85 percent.

Breakthroughs in these areas will effect im-
provements in maintenance and production
costs, as well as reduce the empty weight frac-
tion of the airframe while increasing durability,
performance, and ride comfort of rotorcraft.
Selected examples follow: The development of
composite tilt rotor blades and testing of these
in a transonic dynamics tunnel in FY95-96;
piezoelectric interior noise reduction for rotor-
craft hubs, in FY96; and validate stress and
failure analysis based on inspection model for
structural integrity.

Magjor Technical Challenges

* Lack of knowledge and accurate methodolo-
gies for flight regime recognition algorithms
for determining the rotorcraft flight condi-
tions from state parameters in a dynamic
environment. Lack of knowledge and accu-
rate methodologies for the synthesis of strains/
loads from other measured parameters and
loads in a dynamic environment. Limited
fatigue life and durability of load/strain
measuring sensors in a dynamic operational
environment.

Approach—Develop and refine flight regime/
flight condition recognition and load
synthesis algorithms based on aircraft state
parameters and other measured loads. Con-
duct bench and flight test evaluations on
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instrumented aircraft to validate accuracy.
Collect operational data over a period of 1-3
years to validate the reliability of the flight
data recorder and the algorithms.

Lack of knowledge of accurate algorithms
for determining the rotorcraft flight condi-
tion from state parameters in a dynamic
environment.

Approach—Develop and refine regime/flight
condition recognition algorithms based on
aircraftstate parameters. Conductbenchand
flight test evaluations on instrumented air-
craft to validate accuracy. Collect opera-
tional data over a period of 1 to 3 years to
validate the reliability of the flight data re-
corder and regime/flight condition recogni-
tion algorithms.

Inability to sense and measure rheological
behavior of materials during cure; lack of
optimization techniques to minimize scrap;
insensitivity of embedded sensors for adap-
tive control of cure cycle; lack of defect char-
acterization and impact on structural
performance;lack of process simulation mod-
els; ineffective application of automated fiber
placement/ply handling methods to lean
manufacturing; inability to measure bond
integrity.

Approach—Design and fabricate representa-
tive components to demonstrate advanced
manufacturing technologies and tooling tech-
niques. Investigate manufacturing process
simulation models through cure prediction,
cure cycle optimization, and structural test-
ing to validate cure cycle optimization and
structural efficiency. Demonstrate the use of
embedded sensors for adaptive control of the
cure cycle through fabrication and test of
representative rotorcraft components. De-
velop and demonstrate the use of non-
destructive inspection techniques for deter-
mining the integrity of bonded structures.

Lack of knowledge and understanding re-
garding multi- disciplinary design, control of
rheological properties during curing, static
and fatigue strain limits, fiber marcelling dur-
ing braiding and weaving, and innovative
configurations and concepts tailored to ad-
vanced materials applications.

Approach—Develop innovative structural
design configurations usingadvanced materials
tailorable for structural efficiency. Develop
and demonstrate representative rotorcraft




structures using IPPD to optimally meet
multi-disciplinary design requirements which
include cost, weight, performance, and reli-
ability. Fabricate structural components in
sufficient quantities to validate the quality,
manufacturing repeatability, structural effi-
ciency,and recurring cost. Develop and dem-
onstrate advanced braiding and weaving
equipment and methods to minimize fiber
breakage and marcelling. Fabricate struc-
tural preforms and incorporate these pre-
forms into tailored structural fittings and
components to validate the structural effi-
ciency and recurring costs.

Limited displacement capability, limited force
capability, limited high cycle fatigue life, and
high power requirements of existing smart
materials.

Approach—lnvestigate the force, displace-
ment and poor requirements of new and
emerging smart materials for advanced rotor
actuation methods; conduct trade-off analy-
ses; demonstrate smart materials applications
to rotor actuators through laboratory testing
in a dynamic environment.

Inability to model and analytically predict
the rotating and fixed system structural loads
and the interaction of those loads with the
vehicles aerodynamic environment. Inabil-
ity to conductdetailed stress analyses of com-
plex components under large deformations
in a timely manner to support IPPD. Inabil-
ity to accurately predict crushing loads and
behavior of airframe structures in a dynamic
crash environment.

Approach—Develop and validate enhanced
comprehensive methods that incorporate
multi-disciplinary technology based on fi-
nite element techniques thatinclude compos-
ite structures modeling, specifically
concentrating on the rotor system loads and
aeroelastic stability analysis. Develop and
validate reliable finite element analysis mod-
eling and simulation techniques that include
large strain effects required to model the
energy absorbing characteristics of crushable
composite structures.

related to the support, sustainment, and surviv-
ability of increasingly complex aircraft systems,
and to the unique problems associated with the
application of high performance weapons on
rotorcraft. In addition to addressing
affordability issues for operation and support
(O&S) costs, this area also encompasses the
extension of the useful life of weapon systems
through upgrading armament and other mis-
sion equipment. Five key technological objec-
tives have been established for the 2004 and
2011 timeframes: increasing the probability of
detecting incipient mechanical component fail-
ures to 90 percent and 95 percent, increasing
hardening to threats by 20 percent and 35 per-
cent, reducing radar cross section (RCS) by 25
percent and 40 percent, reducing infrared (IR)
signature by 35 percent and 50 percent, and
reducing visual and electro-optical signature by
35 percent and 55 percent. Attainment of these
goals will translate to aircraft which will be able
to operate with fewer maintenance hours per
flight hour, and operate safely and effectively in
a hostile environment.

Improvement (%)
Goals By 2005 | By 2012

Reduce radar cross section 25 40
Reduce infrared signature 35 50
Reduce visual & electro-optic signature 35 55
Increase hardening to threats 20 35
Increase probability of detecting 90 95
incipient mechanical component

failures

Major Technical Challenges

* Modelingand analytical predictions for char-
acterization of component materials and in-
tegration concepts performance in signature
suppression.

Approach—Conduct computer modeling
from signature prediction to battlefield simu-
lations. Conduct laboratory and flight test-
ing of cost-effective attenuating materials and
design concepts that will reduce IR, RCS,-
acoustic, visual, and electro-optic emissions
from rotorcraft.

* Modelingand analytical predictions for char-
acterization of component materials and in-

Subsystems
Goals and Time Frames

Rotary-wing Vehicle subsystems encompass a
broad range of science and technology topics
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tegration concepts performancein hardening.
Approach—Conduct computer modeling of
hardening concepts to provide reduced prob-
ability of kill across the full spectrum of
known threats, as well as crash impacts.




Conduct demonstrations of components and
of theintegration of lightweightarmor, DEW,
and NBC hardening thatbalance cost, weight,
and effectiveness.

® Lack of reliable, rugged, cost-effective, non-
intrusive monitoring techniques, sensors, al-
gorithms, and methods.
Approach-—Develop a quantified database of
the performance of impending component

failures. Conduct laboratory and field test-
ing of advanced sensors and monitoring sys-

tems.

4.

Roadmap of Technology

Objectives

The roadmap of technology objectives for Air
Vehicles is shown in Table IV-D-1, below.

Table IV-D-1. Technical Objectives for Air and Space Vehicles

Technology
Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

Aeromechanics

¢ Aeroacoustic and
aeroelastic prediction
codes verified and
incorporated in com-
prehensive analysis.
Rotor/fuselage inter-
action CFD-unique
experiments.

High-lift rotor concepts
evaluated.

Low-cost high effi-
ciency rotor design
methodology initiated.
CFD/inflow analysis
verified.

OCRs supported: CSS
05, 11, 12; DSA 01, 03,
21, 22; DBS 22, 23, 24;
MBS 09, 25, 29; EELS
18, 20, 26.

* Reduce critical
unsteady loads by 50%.
Reduce vehicle parasite
drag by 15%.

Increase in maximum
blade loading by 15%.
Increase in rotor lift/drag
by 8%.

Increase in rotor Figure
of Merit by 7%.

OCRs supported: CSS
05, 11, 12; DSA 01, 03,
21, 22; DBS 22, 23, 24;
MBS 09, 25, 29; EELS
18, 20, 26.

*

* Reduce by 75%.
¢ Reduce by 30%.
* Increase by 25%.
¢ Increase by 15%.
¢ Increase by 12%.

Flight Control

Establish cargo/slung
load flight test
maneuvers; conduct
simulations to develop
criteria for hover and
low speed.

¢ Complete terrain corre-
lated turbulence model. ¢
Develop and transition
advanced control law
synthesis techniques.
Complete CIFER UNIX
upgrade and train
industry.

Complete IFFC piloted
ground simulations.
Develop techniques for
pilot-envelope cueing
and limiting.

OCRs supported: CSS
05, 11; DSA 01, 02, 05,
27, DBS 11, 12, 22, 23,
24; MBS 09, 25, 29;
EELS 01, 02, 03, 20,

22.

Improve slung load
handling qualities to a
CHPR of 4.

70% increase in band-
width while maintaining
gust rejection capability.
60% improvement in
weapon-platform
pointing accuracy
techniques.

66% reduction in
envelope maneuvering
margins.

OCRs supported: CSS
05, 11; DSA 01, 02, 05,
27;DBS 11,12, 22, 23,
24; MBS 09, 25, 29;
EELS 01, 02, 03, 20,
22.

* Improve CHPR 10 3.

¢ 80% increase in
bandwidth.

* 80% improvement.

* 75% reduction in
envelope maneuvering
margins.
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Table IV-D-1. Technical Objectives for Air and Space Vehicles (Continued)

Technology Near-Term Mid-Term Far-Term
Subarea FY 97-98 FY 99-03 FY 04-12
Structures ¢ Define RWST struc- ¢ 95% accuracy for loads | * 98% accuracy for
tured configuration, synthesis. loads synthesis.
requirements. * 98% accuracy with flight| * 50% reduction in

* Select critical components regimes recognition recurring production
for development, testing algorithms. labor hours per pound
and demonstration in * 30% reduction in recur-| for composite
RWST. ring production labor structures.

» Complete fabrication and hours per pound for * 400% increase in
testing of RTM trial beam composite structures. displacement capa-
for RAH-66, TP horizontal | * 200% increase in bility of smart
stabilizer for OH 58D, and displacement capability | materials actuators.
TP tailboom section for the | of smart materials * 35% increase in
RAH-66 baseline. actuators. structural efficiency.

» Develop system * OCRs supported: 05,
architecture for MATES 11; DSA 01, 02, 05, 22,
and priiminary design DBS: 11,12, 22, 23,
concept for damage 24; MBS: 09, 25, 29;
tolerant hub fixture for EELS 01, 02, 03, 20,

RAH-66 baseline. 22.

* Initiate the harmonization
of civil and military design
requirements, specifica-
tions, standards, and the
application and refinement
of IPPD principles to
reduce life cycle costs.

» OCRs supported: 05, 11;

DSA 01, 02, 05, 22; DBS:
11,12, 22, 23, 24; MBS:
09, 25, 29; EELS 01, 02,
083, 20, 22.
Subsystems * 100% probability of * 30% reduction in * 35% reduction in
detection of impending signatures. signatures.
failures of structural * 25% improvement in * 30% improvement in
components. hardening techniques hardening techniques

* 20% increased operational | and concepts. and concepts.
durability and repairability | * 95% probability of ¢ 98% probability of
of reduced signature detection of impending detection of impend-
materials. component failures. ing component

¢ 15% reduction in infrared | * OCRs supported: BC failures.
and visual electro-optic 05, 08; CSS 26, 28;
vehicle signatures. MBS 09, 11, 17, 22, 26.

* 10% increase in ballistic
and NBC hardening
technique.

¢ OCRs supported: BC 05,

08; CSS 26, 28; MBS 09,
11,17, 22, 26.
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Chemical and
Biological Defense
(CBD) and Nuclear

Scope

The National Defense Act for FY94, Public
Law 103-160, consolidated management and
funding of both medical and non-medical CBD
programs under OSD and in separate Defense
accounting lines. The law designated the Army
as executive agent to coordinate and integrate
the CBD acquisition program. In that capacity,
the Army has elected to present the CBD Pro-
gramin this S&T Master Plan. The non-medical
CBD programs are discussed here in Section E,
while the medical CBD programs are addressed
in Section Q, Medical and Biomedical S&T.

The Chemical and Biological Defense and
Nuclear program includes those technology
efforts that maximize a strong defensive posture
in a nuclear, biological, or chemical environ-
ment using passive and active means as deter-
rents to the use of weapons of mass destruction.
These technologies include the areas of harden-
ing electronic components against the radia-
tion, blast, thermal, and electromagnetic pulse
effects of tactical nuclear weapons; chemical
and biological detection; information assess-
ment, which includes identification, modeling,
andintelligence; contamination avoidance; pro-
tection of both individual soldiers and equip-
ment; and collective protection against weapons
of mass destruction.

Rationale

Defense against nuclear, chemical, and biologi-
cal agents is accomplished at several levels: en-
hancing survivability of land combat systems
and helicopters, detecting CB agents before
personnel are exposed, protecting personnel
onceagentsare employed, decontaminating fol-
lowing exposures, and providing safe and effec-
tive medical countermeasures. Related
areas include modeling and simulation of agent
characteristics and modernizing armored sys-
tems for nuclear, chemical, and biological
survivability.
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Technology Subareas

Electromagnetic Environment
Survivability

Goals and Time Frames

Electromagnetic environments (EMEs) result
from a variety of sources, including low and
highaltitude electromagnetm pulse (EMP) from
nuclear weapons. The EMP environments, in
conjunction with the other EM environments,
are being studied to determine undefined as-
pects that could induce unexpected systems
vulnerabilities in an electronic battlefield. Once
vulnerabilities are determined through validated
simulation analysis and measured assessments,
recommendations and guidelines are developed
to increase the survivability of the electronic
equipment. Areas of concentrated effort will be
translating source region EMP code for execu-
tion on a desktop computer, characterizing a
terminal protection device, and developing a
simple code for predicting output from asym-
metric nuclear weapons (FY97).

e Evaluate,develop,andleverage EMP research
on related EM effects that will ensure that
ARL’stechnology developmentresourcesare
focused on the advancement and survivabil-
ity of electronic battlefield systems (FY98).

The requirement for weight reduction in tacti-
cal weapon systems will result in an increased
use of nonmetallic structures. Composites and
other advanced nonmetallic materials are being
evaluated for EM protection for the electronic
battlefield. Refined EM modeling of a Comanche
helicopter mock-up will include composite sur-
faces (FY97).

e Include full anisotropic materials in the 3-
dimensional time domain finite difference
models for composite structure used in EM
modeling (FY98).

Major Technical Challenges

The major technical challenges will be to model
the effects of EMP from a high or low alti-
tude burst of a nuclear weapon. Additional
challenges are to validate EM modeling with
measurement techniques that will lead to a
wide spectrum of EM protection that can be
leveraged.




¢ Develop computer simulation model to evalu-
ate the EMP threat to existing weapons sys-
tems, and to evaluate the EMP protective
effects of composite materials.

e Apply EMP shielding principles to designs
for retrofit of existing vulnerable electronics,
and to leverage EMP research for application
into a variety of EM environments.

Radiation, Blast, and Thermal
Protection

Goals and Time Frames

Tonizing radiation from tactical nuclear weap-
ons will disrupt theater operations by affecting
both crews of armored vehicles and electronic
systems. Evaluations are performed to develop
and recommend methodologies that will en-
hance the survivability of crew-served vehicles
and on-board electronic systems. Analysis will
be performed on the initial shielding design of
CRUSADER (FY97) and will be begun on
advanced Army vehicles (FY98). Test method-
ologies are enhanced or developed to evaluate
the radiation effects on advanced electronics to
include complex microprocessors (IDT 4600/
4700 and Power PC) and memory circuits (Fer-
roelectric Random Access Memories) (FY97).
Silicon carbide MOSFETS are also being evalu-
ated for radiation tolerance in a high tempera-
ture environment (FY97). In addition,
evaluation of changes in commercial processing
of radiation-hardened CMOS electronicsis con-
tinuing (FY97-FY98).

Nuclear air blast overturns vehicles and associ-
ated support systems and therefore poses a
problem with current concepts of lighter battle-
tield equipment. A procedure to simulate non-
ideal airblast was developed and is used to
research the non-ideal air blast effects on Army
equipment. Data obtained from non-ideal air
blast research, along with historical data from
atmospheric bursts, are used to validate blast
hydrocode computations and to set parameters
for non-ideal blast survivability criteria (FY97,
STO). The extension of this research will be to
perform studies of blast and shock wave flows
over various terrains (FY98).

Major Technical Challenges

The nuclear weapons effects area poses a num-
ber of major technical challenges to the Army
as noted below. The problem of overcoming
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these challenges is compounded by a lack of
influence on the semiconductor industry by
Army survivability requirements which might
otherwise encourage production of cost-effec-
tive radiation-tolerant to radiation-hardened
components. On adifferentfront, as the Army
moves toward the developmentof lighter weight
equipment, the increased use of composite ma-
terials has exacerbated their vulnerability of
equipment to blast and thermal effects.

* Evaluate emerging semiconductor technol-
ogy early in the development cycle.

e Identify and validate non-ideal airblast pa-
rameters to model effects on new equipment.

Detection

Goals and Time Frames

Standoff short-range CB detectionis being pur-
sued with lasers that can detect, identify, and
map chemical vapors, aerosols, and liquids on
the ground at ranges of 3 km. This vehicle-
mounted system will operate on the move, in
real time, and, more important, will be trainable
to detect future agents. The longer range bio-
logical threat will be detected at ranges up to 50
km using eye-safe lasers whose enhanced imag-
ing capability will employ polarization and
multiple wavelength excitation to increase dis-
crimination range against natural biological
backgrounds (FY01). Passive technologies such
assurface-excited infrared thermoluminescence,
being studied for their ability to detect CB
agents on the battlefield, require development
of atmospheric databases, spectroscopic detec-
tion algorithms, and optical telescope designs
for airborne and space platforms (FY10). These
approaches are being evaluated against the use
of multiple point sensors, either distributed
throughout the battlespace or mounted on
mobile platforms (FY02).

Because of the unique characteristics of CB
agents, their physico-chemical properties must
be carefully mapped to ensure detection, and a
theoretical basis for detecting unknown but
related agents must be developed. Infrared,
visible, and ultraviolet spectroscopy, as well as
mass, Raman, and laser desorption or
electrospray particle trap mass spectrom-
etry (MS), are being applied to this problem.
Finally, aerosol science is providing the basis
for the development of new optical methods for




interrogating aerosol clouds from a distance for
the purpose of detection.

Closer to the soldier is point detection. New
fluorescent, acoustic, and optical biosensors are
being designed for enhanced sensitivity and
more flexible detection capability. Recent ad-
vances in the acceleration of the polymerase
chain reaction (PCR) on a miniaturized scale
now permit the exploitation of DNA probesfor
field detection of pathogens. A major thrust of
a Defense Technology Objective (DTO) 1s the
development of a rapid, automated field detec-
tion device based on the PCR. One key DTO
is the development of recombinant antibodies
to serve as the recognition element of these new
biosensors (FY96). Recombinant antibodies
will ultimately be designed and quickly selected
from genetic “super libraries” (FY99) to have
specific detection capabilities, and novel
starburst dendrimers are being studied for use
on tailored reactive surfaces. Another major
approach to point detection is mass spectrom-
etry, and miniature automated versions are be-
ing assessed for integration into existing CBD
platforms (FYO01). Of critical importance for
biosensor and MS approaches is bio-aerosol
sampling since characteristics (e.g., concentra-
tion of detectable units per unit volume of air) of
biological aerosols differ dramatically from
chemical vapors, with resulting effects on de-
tection efficacy. (See Figure IV-E-1.)

Major Technical Challenges

In the post-World War II era, detection was a
simple matter of knowing what agents potential
adversaries possessed and designing analytical
procedures to detect them. The proliferation of
a broad spectrum of biological agents such as
toxins, viruses, and bacteria, and the potential
for genetically engineered pathogens have com-
plicated this task immeasurably. The ideal de-
tection system would operate continually in a
stand-off mode and would be capable of detect-
ing all known—and even unknown—agents.

* Detection of biological weapons against a
high and variable background of ambient
biological material.

e Miniaturization of sensor components using
nanofabrication techniques.

¢ Designand production of biological recogni-
tion sites such as genetic probes and recombi-
nant peptides.
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* Rapid sampling of aerosols and vapors and
modeling of their behavior under different
meteorological conditions.

Protection

Goals and Time Frames

The second major theme in CB defense is pro-
tection, and this may be divided into individual
and collective protection. The foci of individual
protection are to reduce the physiological bur-
den of the protective mask and clothing, thereby
reducing performance degradation; to integrate
the mask into future soldier systems; and to
protect against future CB threat agents. To
accomplish these goals, new materials will be
needed to decrease breathing resistance (FY05)
and increase binocular vision (FY05). Com-
puter-aided design and rapid prototyping tech-
niques are being employed to both improve
mask performance and manufacturing processes.

Figure IV-E-1. Soldier in Protective Garments
Operating Chemical Agent Monitor




Supporting this, new physiological and protec-
tion tests are being developed. For clothing,
selectively permeable and smart membranes are
being assessed for enhanced protection and re-
duced heat stress. Selectively permeable mem-
branes laminated to lightweight shell fabrics
will provide low thermal insulation and high
vapor transmission. Incorporation of reactive
materials into the membrane will reduce the
need for carbon and extend service life. Collec-
tive protection focuses on advanced filtration
concepts that will reduce power, space, and
volume and on new materials as alternatives or
enhancements for existing charcoal systems.
Temperature swing and pressure swing adsorp-
tion, as well as catalytic oxidation over mono-
lithic catalysts, are under investigation in an
attempt to provide filter systems that can be
used over and over again (FY01). In addition,
sorbents with precisely defined engineered pore
structure are being investigated as replacements
for the traditional activated carbon (FY10).
Finally, computer models are being designed to
predict filter performance characteristics from
fundamental data on filtration media.

Major Technical Challenges

The major challenge will be to design new ma-
terials with both filtration and catalytic proper-
ties to protect against a broad spectrum of both
chemical and biological agents, while reducing
the physiological burden to the soldier.

* Desorb threat agents from filter materials
in order to extend time between filter
changesusing temperatureand pressure swing
absorption.

Figure IV-E-2. Molecular Model of Catalytic
Oxidation
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* Develop engineered adsorbents with in-
creased protectionand decreased volume and
breathing resistance.

® Use computer-aided design to evaluate per-
formance of new filter materials and reduce
test time.

Decontamination

Goals and Time Frames

The third major theme is decontamination, and
this can be divided into three categories: Imme-
diate, which is carried out by the individual
soldier; Operational, which is carried out by the
contamination unit; and Thorough, which is
performed by the chemical company, usually at
an equipment decontamination site. Both hy-
drolytic and oxidative reactions are being stud-
ied, with the goal of formulating stable
decontaminants with new reactants for rapid
destruction of mustard, and V and G nerve
agents. Catalytic materials such as enzymes are
being designed and assessed for their ability to
destroy chemical agents under mild, ambient
conditions, thus avoiding damage to delicate
equipment (FY96). Ultimately, these new cata-
lytic materials may be incorporated into sor-
bents and self-decontaminating coatings, fibers
or paints (FY10). (See Figure IV-E-2.)

Major Technical Challenges

The main technical objective is to design decon-
taminating materials with highly catalytic prop-
erties, long shelf life, and an ability to function
under a broad range of temperatures and pH.




¢ Using molecular modeling and site-directed
mutagenesis, design catalytic enzymes with
enhanced turnover (ie., degradative) rates
and stability under various environmental
conditions.

* Design and synthesize conductive polymers
and finishes which incorporate catalytic en-
zymes or their active sites.

Modeling and Simulation

Goals and Time Frames

Theuse of modeling and simulation (M&S)isan
essential aspect of the current and future CB
Defense (CBD) Program. Advanced computer
simulation technology will allow soldiers to be
immersed in a realistic and physically accurate
computer-generated combat environment
which includes CB agent cloud movement and
target effects under variable weather, terrain,
and foliage conditions. This capability wall
allow the military user, for the first time, to
experience the impact and consequences of CB
weapons of mass destruction (WMD) in opera-
tional situations and, more important, will dem-
onstrate the potential value of CBD equipment
(FY01). Simulations of both conceptual and
actual CBD equipment will result in improved
and stable performance requirements to be es-
tablished early in development (FY01). The
Distributed Interactive Simulation (DIS) net-
work will enable the user to evaluate the “value-
added” of each CBD item at every phase of
development. (See Figure IV-E-3.) By means of

Figure IV-E-3. Simulation of
Intercept of Chemical or
Biological Agent Munition

Engagement Simulator

virtual prototyping, soldiers will contribute to
the detailed design of new equipment through-
outthedevelopmentcycle. The combination of
constructive (wargaming) and virtual (3-dimen-
sional) simulations will permit CBD hardware
performance characteristics to be optimized
prior to production. Virtual prototyping will
greatly decrease the acquisition time and associ-
ated costs of development including test and
evaluation elements. The mutual interaction
between user and developer, provided by M&S
throughout the acquisition cycle, will result in
superior CBD products within the limited fund-
ing and resource constraints anticipated for the
future.

As the threat evolves and proliferates, it be-
comesincreasingly important to beable toiden-
tify, synthesize, and assess the physico-chemical
and toxicological properties of new compounds.
These studies are being used to develop quant-
tative structure-activity-property relationships
and, ultimately, to predict the behavior of new
compounds in biosystems. Novel, short-acting
sedatives are being developed from these efforts
as potential less-than-lethal chemicals for a va-
riety of applications, and candidate nontoxic
simulants with reduced environmental impact
are also being selected and tested.

Major Technical Challenges

There are two main objectives for M&S: first, to
develop models which accurately predict the
effect of CBW agents on battlefield perfor-
mance, as well as the protective capability of

CBR Simulator

Fox Sigulator

EFFECTS ON
OPS, SYSTEMS,
AND HUMAN
. PERFORMANCE

THREAT/ HIT-TO-KILL
INTERCEPTIOR LETHALITY
FLYOUT ASSESSMENT

SUBMUNITION CBR TRANSPORT & DETECTION
PROPAGATION RELEASE DIFFUSION BY FOX
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CBW defense equipment; second, to model
structure-activity relationships to predict the
threat potential of new compounds and their
behavior in both bio- and ecosystems.

Develop a verifiable capability to analyze CB
detectors and detectlon systems in existing
“constructive” wargames.

Formulate a “value-added methodology”
using Distributed Interactive Simulation to
assess the operational benefits of CB defen-
sive equipment in the light-to-moderate
battlefield situations.

Enhance the display and assessment ability
for tactical ballistic missile interception of
CB warheads within the “virtual environ-
ment” simulation arena.

Create a verifiable methodology, using the
“VL STRACK?” cloud transport and diffu-

sion model to depict the movement of mili-
tary vehicles through/around diffusing CB
clouds through and around heavy foliage and
wooded terrain.

¢ Install modules addressing CB defense func-
tions (detection, protection, decontamina-
tion, and survivability) into Joint Service
computer wargames to enhance comparative
decision making earlier in the acquisition
cycle.
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Roadmap of Technology
Objectives
The roadmap of technology objectives for

Chemical and Biological Defense and Nuclear
is shown in Table IV-E-1, below.




Table IV-E-1. Technical Objectives for Chemical and Biological Defense and Nuclear

Technology
Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

Electromagnetic
Environment (EME)
Survivability

* SREMP code modification
for IBM PC.

¢ Composite material
analysis.

¢ Terminal protection
devices.

* OCRs supported: BC 20;
MTD 07, 12.

Extend terrain-enhanced
EMP, HEMP, and
assymetric nuclear weapon
effects codes.

Advance composite
material analysis.

OCRs supported: BC 20;
MTD 07, 12.

Guidelines for controlling
EME.

Upset mitigation
technologies.
Environments from 3rd
generation NWs.

OCRs supported: BC 20;
MTD 07, 12.

Radiation, Blast and
Thermal Protection

* Radiation response of
microelectronics.

¢ Vehicle radiation shielding
code.

* Measurement and
simulation of non-ideal
blast.

* OCRs supported: BC 20;
EEL 08; MTD 07.

Formulate guidelines for
assessing commercial
microelectronics.

Vehicle radiation shielding
code for advanced
composite vehicles.
Transition data and
modeling to SLAD.

OCRs supported: BC 20;
EEL 08; MTD 07.

Formulate guidelines for
manufacturing
microelectronics.
Develop enhanced
simulation and modeling
techniques.

OCRs supported: BC 20;
EEL 08; MTD 07.

Detection

* Genetically engineered
antibodies.

* Flow cytometry as an
immunoassay platform for
bio detection.

* OCRs supported: BC 01,
12.

Genetic Super library.
Standoff bioagent detection
at 5-50 km.

Automated single step point
detection.

Subsymptomatic detection
of chemicals in lightweight
individual soldier detector.
OCRs supported: BC 12;
DSA 05, 14.

Lightweight C/B detection
from UGV/UAV platform.

Miniaturized photo-array

detection/ identification of
biological agents.

OCRs supported: BC 12;
DSA 05,14; MTD 07; EEL
13.

Individual Protection

* 24-hour liquid protection.

* 50% reduction in breathing
resistance.

¢ Develop advanced selec-
tively permeable mem-
brane eliminating/ reducing
the use of carbon in chemi-
cal protective ensembles.

» OCRs supported: MTD 11.

50% increase in binocular
vision.

Expanded performance
degradation model.
Compatibility with future
soldier systems.

OCRs supported: MTD 11,

Full field of view through
transparent face piece.
New super dense
absorbents.

Smart barrier membranes.
OCRs supported: MTD 11.

Collective Protection

* Prototype Pressure
Absorption System.

* Lab scale Temperature
Swing Absorption System.

* OCRs supported: EEL 08;
CSS 13.

Combined PSA/TSA/Catox
System.

Engineered absorbents.
OCRs supported: EEL 08;
CSS 13.

Monolithic filtration media.
Membrane filtration.
OCRs supported: EEL 08;
CSS 13.

Decontamination

* New polymers with agent
reactive sites for more
efficient decon.

* OCRs supported: MTD 13.

Automatic decontamination
through conductive
coatings.

OCRs supported: MTD 13.

Self-decontaminating
coatings.
OCRs supported: MTD 13.

Modeling and
Simulation

* Distributed interactive
simulation capability for CB
detectors.

* OCRs supported: MTD 20.

Upgraded wargames and
virtual prototypes of CB
defense equipment.

OCRs supported: MTD 20.

Virtual reality using man-in-
loop.

Virtual/actual CBD
equipment in fully integrated
constructive and virtual
combat simulations.

OCRs supported: MTD 20;
DSA 16.
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F.
Individual
Survivability and
Sustainability
The area of Individual Survivability and
Sustainability in the FY96 ASTMP is now di-
vided into two subareas under the new Human
Systems area.

1.

Scope

Individual Survivability and Sustainability fo-
cuses on protecting and sustaining the indi-
vidual warfighter—ultimately the most critical
element of any weapon system on the digitized
battlefield. By providing food, drinking water,
clothing, airdrop, and shelter, this technology
area ensures warfighter survivability and per-
formance and enhances readiness and quality of
life on the battlefield and in operations other
than war.

This technology area comprises two subareas:
(1) Individual Survivability and (2)
Sustainability. The Individual Survivability
subarea includes all material and combat cloth-
ing systems for protection of the individual
warfighter. These efforts provide technology
advancements in the areas of individual ballistic
protection, countermeasures to sensors, head
gear and laser eye protection, multifunctional
materials, and warrior performance and endur-
ance enhancements.

The Sustainability subarea includes scientific
and technological efforts to sustain and enhance
warfighter performance and combat effective-
ness. These range from nutritional performance
enhancement, food preservation, food service
equipment, energy technologies, and drinking
water to advanced and precision cargo/person-
nel airdrop and airbeam technologies for shel-
ters. Technologies pursuedin this effortaddress
the need to “fuel the fighter”—to deliver the
rightnutrients at the rightlevels at the right time
in the right combination, to provide versatile
airdrop capabilities critical to worldwide force
projectionand resupply, and to provide rapidly
deployable shelters in forward areas.
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a.

Rationale for Investment

Relationship to Military
Capabilities/Needs

Providing multipurpose protective clothing,
individual equipment, rations, water, airdrop
equipment, and inflatable shelters in all errains
and environments will provide the broad mili-
tary capability and technological edge to rap-
idly respond onaglobal basistoadiverse variety
of missions. The most significant payoffs are
those which increase battlefield survivability
and sustain and enhance performance. (Refer to
individual subareas for more specific relation-
ships to military capabilities.) Figure IV-F-1
depicts the four Army mission requirements
supported by these subareas: (1) protective
clothing and equipment, (2) rations and water,
(3) air delivery systems, and (4) airbeam-
supported shelters.

Technical Forecast

Foreseeableadvancesinindividual survivability
technologies include development of next gen-
eration advanced materials for multiple threat
protection; technology to provide fragmenta-
tion and small arms ballistic protection at 20 to
30 percent reduced weight; materials to prevent
detection by multispectral sensor devices; cloth-
ing systems that provide thermal and environ-
mental protection with minimum bulk and
weight; and development and application of
integrated soldier and small unit battlefield per-
formance simulations that support analysis of
technology enhancements.

Foreseeableadvancesin sustainability technolo-
gies include targeted and modulated nutrient
delivery for heightened mentalacuity and physi-
cal performance; use of intrinsic chemical mark-
ers to validate sterility of thermally processed
foods; biosensors to monitor ration deteriora-
tion; use of nonthermal processing technologies
(such as irradiation or pulsed electric fields) to
preserve foods; use of integral chemical heating
technology in self-activating package configu-
rations to ensure hot meals sites; use of integral
power generation, advanced insulation materi-
als, and non/low-powered generated refrigera-
tion for rapidly deployable field kitchens; new
water purification technology; prediction of
parachute behavior and performance during




Figure IV-F-1. Army Mission Requirements in Individual Survivability and Sustainability

/

High-Glide, Semi-Rigid Wing Air Delivery System, a high-
altitude autonomously guided, offset cargo airdrop system
that will minimize aircraft vulnerability to low altitude
threats and enhance the rapid deployment and precision
delivery of sensors and munitions.

Combat warrior outfitted for the 21st century with a
computer/radio, protective clothing, and individual
equipment, software, integrated helmet assembly, and
weapon systems.

Airbeams will drastically reduce weight, set-up time, and
packed volume of current frame-supported tents. (Large
Area Night Maintenance Shelter shown.)

Nutritious field rations and water fuel the combat soldier and
enhance performance.
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parachute opening; autonomous and precision
guidance, navigation, and control for stand-off
air delivery using flexible gliding wings; para-
chute design for manufacturability; softlanding
technologies; and new textile manufacturing
technology for airbeams.

Payoffs

Payoffs in the individual survivability area in-
clude significant casualty reduction through
enhanced small arms protection; reduced de-
tectability by both conventional and emerging
battlefield sensors; individual flame, firefighting,
and environmental protection through mulu-
functional protective materials; laser eye pro-
tective systems; development of lightweight,
low power, man-portable microclimate condi-
tioning; improved techniques for measurement
and prediction of thermal performance charac-
teristics of clothing; and helmet-mounted dis-
plays that link the individual with information,
communications, and targeting systems.

In the sustainability area, payoffs include ration
systems that sustain and support highly mobile,
forward deployed troops and provide enhanced
performance capabilities such as improved tar-
get acquisition, enhanced cognitive skills and
decision making (particularly under stressful
battlefield conditions), extended mission en-
durance, and increased alertness; improved food
packaging that protects and prevents ration com-
ponents from physically or microbiologically
deteriorating in extreme conditions; improved
food safety/stability and quality in all environ-
ments; improved fuel/energy efficiency; im-
proved technology to provide drinking water;
and operational readiness and rapid
deployability. Specific payoffs in airdrop tech-
nology include the means of delivering critical
equipment, personnel, and supplies with greater
accuracy, safety, and precision, resulting in
greatly reduced personnel airdrop injury rates
and increased survivability of delivery aircraft;
support to rapid force entry tactics by reducing
drop zone size requirements resulting in a faster
consolidation of force and allowing for just-in-
time resupply of rapidly moving forces; and
reduced development, testing, and procurement
costs through predictive performance and de-
sign optimization modeling and virtual testing.
Payoffs from pressurized airbeam technology
include significant reductions in weight, set-up
times, and packed volume of soft shelters for
rapid deployability in forward areas.
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Transition Efforts

Emphasisis placed on transitioning cutting edge
technologiesinto advanced technology demon-
strations and advanced and engineering devel-
opment programs, and on incorporating them
directly into fielded items through specification
changes and product improvements. There is
also extensive collaboration with industry as
evidenced by current active Cooperative Re-
searchand Development Agreements (CRDAs).
Although some investment is focused on mili-
tary-unique applications, many of the basic
clothing, food, and portable shelter technolo-
gies are inherently dual use. (Refer to the indi-
vidual subareas for more specific transitions
and dual use opportunities.)

Technology Subareas

[ndividual Survivability
Scope

The individual survivability technology sub-
area addresses the full range of combat, envi-
ronmental, and special purpose protective
materials and components. The scope of the
program includes textile and composite-based
material systems and design concepts for indi-
vidual ballistic protection; countermeasures to
sensors; multifunctional materials (to include
environmental and flame/thermal protection);
warrior performance and endurance enhance-
ment; laser eye protection; and integration of
soldier system modular components. Support-
ing technologies include bioengineered materi-
als for protection and analytic tools with
resolution to capture battlefield effects of fa-
tigue, load, environmental exposure, hydration,
terrain, and so forth.

Potential Payoffs
Impact on Military Capability

Individual survivability technology develop-
ments are high-payoff investments that support
many of the JCS mission capability areas.
Capabilities provided by the Force XXI Land
Warrior willincludeintegrated POS/NAV (GPS
and inertial navigation); enhanced night ma-
neuverability; and modular, lightweight, and
interoperable components tailorable to mission
requirements. The individual will be linked to
the digitized command and control network




with near-real time battlefield intelligence.
Capabilities such as accurate, automated target
hand-off, unexposed firing/viewing, and signa-
ture suppression/control ensure a precision
strike capability at the individual combatant
level. The Army/DARPA programfor helmet-
mounted displays will provide an integrated
headgear system (for mounted crewmen) to
increase situational awareness and magnify the
ability to fulfill demanding operational needs.
Additionally, technologies will be pursued in
multiple threat protection, wireless weapons
interface, small arms body armor, countermea-
sures to sensors, and enhanced situational aware-
ness. To speed this process, object-oriented
modeling tools are used to develop an auto-
mated environment to enhance analytic capa-
bilities and to promote rigorous analyses of
survivability and equipment alternatives and
physiological performance in a hypothetical
operational environment.

Potential Benefits to the Industrial Base

Dual-useapplicationsinclude high-performance
fibers for ballistic/blast protection for law en-
forcement agencies; aircraft cargo containers;
use in aerospace, electronics, and automobile
industries; and recreational sport applications.
Flame and thermal resistant fibers have strong
dual-use in firefighting applications, race car
driving, industrial workwear, hotel furnishings,
and piloting. The anthropometric data base/
models have commercial applications in the
designand sizing of clothing systems and equip-
ment such as boots, athletic footwear, gloves,
and helmets. Cooperative R&D Agreements
(CRDAs) with industry and development pro-
grams with major universities are aggressively
pursued. Four active CRDAs include bioge-
netically engineered spider silk (Hoechst-
Celanese, Inc.); biodegradable materials
(International Optical Telecommunications,
Inc. and Zeneca, Inc.); and enzymatic synthesis
of new polymers (Rohm and Haas).

Technology Development Plan
Survivability Technology Taxonomy

Ballistic protection—Research for protection
against flechettes, small arms, and high velocity
fragmentation and blast threats from mines and
bursting munitions; Countermeasures to sen-
sors—Research on textile materials for camou-
flage for the individual soldier; Multifunctional
materials—Fibers, fabrics, clothing systems,and

IV-F-4

techniques for individual protection in all cli-
mates against high heat sources and flame, and
across all terrains and environmental extremes,
including encapsulation and water immersion.
Whole body protection against lasers, micro-
waves, and nuclear/thermal threats; Warrior
performance and endurance enhancement—
Research and integrated application of
anthropometry, biomechanics, biophysics as
scientific/engineering tools. Integrated indi-
vidual protective systems and mechanisms to
reduce effects of physical and environmental
stresses, increase mobility, increase mission
duration, and optimize the human/material/
equipmentinterface; and Laser eye protection—
Research into technologies affording protec-
tion from multiline and tunable lasers.

Major Technical Challenges/Approaches

Challenge: Development of polymeric materi-
als for ballistic protection. Approach: Copoly-
merize high strength polymers [aramid-based,
polyimide-based, and poly (para-phenylene
benzobisoxazole)-based] to tailor properties
specifically for improved ballistic protection.
Crosslink aramid-based polymers to improve
lateral properties (e.g., “through-the-thickness”
yield stress and modules). Modify processing
variations to produce high molecular weight
polymer fibers and optimize morphology (e.g.,
molecular structure, crystallinity, and orienta-
tion) or fibers.

Challenge: Provide passive protection against
advanced sensors without degrading current
visual and near-infrared camouflage protection,
while maintaining desired/required textile prop-
erties (e.g., durable, launderable, flexible, non-
toxic). Countermeasures should not increase
the bulk or heat stress on the soldier beyond
levels imposed by existing clothing systems.
Approach: The sensor of major importance at
the present time is the thermal imager. Based on
the physics of the problem, there are two ap-
proaches to solving this problem for the soldier:
control the emissivity of the uniform oractually
cool the soldier so that he provides a less con-
spicuous target to the sensor. Since a passive
(not-powered), lightweight system is desired,
research has concentrated on novel materials to
control the emissivity without degrading fabric
performance.

Challenge: Durable combat uniforms that pro-
vide protection against multiple threats, thatare
cost-effective, and that do not impose a heat




stress penalty. Approaches: (1) Explore novel
fibers, fiber blends, fabric constructions, and
functional finishes that will provide protection
against flame, environmental, and electrostatic
hazards while providing visual and near-
infrared camouflage protection; (2) Investigate/
develop novel dyeing and finishing technology
for flame resistant materials to provide an af-
fordable, accurate, and simple means of deter-
mining a flame resistant garment’s protection.

Challenge: Deposition of robustdielectric coat-
ings on polycarbonate to block the near-IR
band and a narrow line attenuator. Approach:
Development of dielectric stacks for broadband
laser protection in ajoint effort with the USMC
and PM-ACIS. Narrow line attenuators are
being developed using eye-centered holograms.
Dyes will be used for blocking the blue region
of the spectrum.

Challenge: Modular performance augmenting
components integrated within the fighting sys-
tems. Approac/oes (1)Usmg biomechanical and
mechanical engineering tools, develop an ergo-
nomically efficient load- bearmg system that is
compatible with other system components, has
a quick-release capability, is comfortable, re-
ducesfatigue and localized injury, and increases
mobility and combat effectiveness; and (2) De-
velop a boot design to reduce stress-related
lower extremity injuries and enhance locomo-
tor efficiency.

Sustainability
Scope

This subareafocuses on warfighter sustainment
by providing high quality, nutritious rations,
drinking water, advanced alrdrop capabilities,
and rapidly deployable food service equipment
and inflatable shelters for forward areas. In the
ration area, efforts focus on the unique military
combatfield feeding requirements notaddressed
in the private sector: low volume and weight,
modularity, high nutrient density, storage sta-
bility under environmental extremes, and the
battlefield logistics of providing hot food. Sci-
ence and technology efforts include three main
areas: (1) nutritional performance enhance-
ment by formulating rations to provide energy
and other essential nutrients, and to increase
alertness and extend endurance in combat and
in environmental extremes; (2) ration preserva-
tion and stabilization to prevent microbial,
physical, and biochemical deterioration and to
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withstand the rigors of long-term military stor-
age and distribution worldwide; and (3) field
food service equipment and systems that are
highly mobile, fuel efficient, and consistent with
minimizing the logistics burden. Innovative
water purification technology is being devel-
oped to provide drinking water to field troops.
In the airdrop area, efforts focus on advanced
and precision offset air delivery for cargo and
personnel, high glide deployable wings, the in-
tegration of guidance, navigation, and control
for rapid deployment and just-in-time resup-
ply, and soft landing technologies for cargo and
personnel. Inflatable airbeam structure tech-
nology, including 3-dimensional weaving and
braiding, and scaling and shape definition will
provide airbeam shelters for rapidly deployable
forces and continuous operations of tactical
rotary aircraft and combat vehicles.

Potential Payoffs
Impact on Military Capability

In the sustainability area, performance-enhanc-
ing ration components will increase the
warfighter’s mental acuity, physical perfor-
mance, and ability to deal with battlefield stress.
New thermal and nonthermal preservation and
active packaging technologies will result in the
capability to provide high quality rations for
optimizing nutrient consumption.

A new water purification technology will be
applicable to military water treatment equip-
ment ranging from individual purifiers to divi-
sion and corps level units. This new technology
will meet or exceed the performance of existing
reverse osmosis membranes.

Initiatives in advanced and precision airdrop
technology will provide capabilities critical to
both rapid worldwide insertion of CONUS-
based initial forces and just-in-time resupply of
rapidly moving forces. Airdrop technology
also provides a low cost, highly accurate means
of delivering personnel, munitions, and batter-
ies and of emplacing sensors, which are neces-
sary for real-time knowledge and digitization of
the battlefield and for precision guided, stand-
off delivery to reduce the vulnerability of the
delivery aircraft and crew.

Inflatable airbeam structures provide rapidly
deployable shelters in forward areas for per-
forming vehicle and aircraft maintenance in
adverse environments and under blackout con-
ditions. Also, these inflatable structures will




assist in quickly establishing a presence in re-
mote areas without adequate facilities for main-
tenance, storage, medical, billeting, and
command and control (C2) centers.

Potential Benefits to the Industrial Base

Significant dual-use applications exist for disas-
ter and humanitarian relief, for sports and other
recreational activities (campers, backpackers,
hunters, etc.), for forest fighting, and for special
dietary concerns (shelf-stable flexibly packaged
foods). The new water purification technology
willalso be applicable to municipal desalination
plants.

Twelve CRDAs include the following: mealsin
microwave retort pouch (My Own Meals, Inc.);
radiation preservation of foods (Food Technol-
ogy Service, Inc.); shelf-stable breads and bak-
ery products (Mila’s European Bakery);
microencapsulation of performance modifying
nutrients (BioMolecular Products, Inc.); edible
films (Marine Polymer Technologies, Inc.); en-
capsulation systems for lipids and flavors in
military rations (IGI, Inc.); individual ration
components for military/commercial use
(M&M, Mars, Inc.); integration of hydrogen
suppression material in flameless ration heater
(Zestotherm, Inc., and Dynatron, Inc.); inter-
mediate moisture foods (Good Mark Foods,
Inc.); antifungal/antibacterial agent (Green
Cross Corp. of Japan); and airbags as impact
attenuators for airdrop soft landing (Marotta
Scientific Control, Inc.). There are several
CRDA s under negotiation.

While industry has assumed the lead role in
applying irradiation technology, supported re-
search, in coordination with USDA and indus-
try, contributes directly to providing the
scientific basis required for gaining regulatory
approval for the use of this technology for both
military and civilian benefit. Additionally, there
is joint industrial collaborative research to ex-
ploit novel quality enhancement and quantifi-
cation technologies, high pressure processing
treatment, and ohmic processing. Using novel
methodologies developed by DA, these new
processes will be validated as microbiologically
safe and will lead to the production for both
civilian and military consumers of a wide vari-
ety of safe and appealing foods that otherwise
would not be possible using conventional
thermoprocessing.
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Technology Development Plan

Specific sustainability technology efforts are
defined by the following taxonomy: Preserva-
tion and stabilization technologies—Research
in food science, physical chemistry, behavioral
sciences, chemical engineering, and packaging,
as they relate to novel food formulation, preser-
vation, stabilization, processing, protection,and
other related technologies; Performance en-
hancement and nutrition technologies—Re-
search in food science (e.g., encapsulation,
molecular inclusion), physical chemistry, nu-
trition, nutritional biochemistry, behavioral
sciences, neurophysiology, chemical engineer-
ing, packaging, and other related technologies;
Food service equipment/energy technologies—
Researchincombustion, thermodynamics, heat
transfer, thermoelectric power generation, au-
tomatic control, material, and refrigeration tech-
nologies; Water purification technology for
drinking water—Research to prove the feasibil-
ity of a technology with a 300 percent increase
inoperating/storage life, a 50 percentincreasein
water flux, and tolerance of 5 ppm chlorine
when compared with conventional reverse os-
mosis; Airdrop technology—Research in de-
signs and concepts for parachutes/gliding
wings and cargo/personnel airdrop systems;
aerodynamics and control of deceleration; theo-
retical/computational prediction and experi-
mental determination of decelerator behavior
and performance; biomechanics of parachut-
ists; and personnel/system interfaces to im-
prove safety and logistics; and Airbeam
technology for shelters—Researchin fibers, fab-
rics, fabric stress/strain properties, manufac-
turing technologies, coatings and concepts for
airbeam structures and textile-based shelters.

Major Technical Challenges/Approaches

Challenge: Natural complexity of food sys-
tems affects the chemical, physical, and nutri-
tional characteristics leading to undesirable
changes that are often further compounded by
lengthy, uncontrolled storage. Approaches: (1)
Determine relationship between formulations/
processes and glass transition temperature us-
ing dynamic mechanical analysis and electron
spinresonance, and correlate results with rate of
change of critical physical and chemical proper-
ties of rations; (2) Evaluate new preservation
methods that produce shelf-stable foods with
the taste and appearance of “home-cooked”




meals, and (3) Investigate multifunctional pack-
aging ad]uvants (e.g., oxygen scavenging, anti-
microbial, nutrient protection, color protection).

Challenge: Methodology to providedataneeded
to establish links between specific nutrient in-
take and performance. Approaches: (1) Investi-
gate methodologies for assessing the
bioavailability and actual uptake of a variety of
nutrients; and (2) Develop rapid and precise
methods for determining physiological avail-
ability of nutrients in rations subjected to time-
temperature stresses.

Challenge: Develop a rapidly deployable field
kitchen featuring advances in diesel combus-
tion, heat transfer, integral power, and refrig-
eration that can produce high quality meals
quickly and economically. Approaches: De-
velop integral power generation, advanced in-
sulating materials, and non/low-powered
regenerative refrigeration. Integrate these
technologies within the Army Field Feeding
System—Future.

Challenge: Develop new water purification
technology with a 300 percent increase in
operating and storage life, a 50 percent increase
in water flux, tolerance to 5 ppm chlorine,
temperatures up to 165°F, and pH from 5.0 to
9.5 when compared to conventional reverse
osmosis membranes.

Challenge: Analysis of the transient parachute
opening processes due to the complicated inter-
action between the flexible and porous para-
chute canopy fabric and its surrounding air
flow. Approach: Numerical coupling of the air
flow process and the canopy fabric requires
unsteady 3-dimensional fluid/structure analy-
sis and modeling.
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Challenge. Effectively dissipate airdrop kinetic
energy to provide a soft-landing capability for
cargo and personnel. Approaches: (1) Invest-
gate and demonstrate airbags with advanced gas
injection technologies for application to heavy
cargo airdrop, (2) conduct predictive perfor-
mance modeling, experimentation, and demon-
stration of gas operated parachute retraction
concepts for application to light cargo and per-
sonnel airdrop, and (3) explore new decelerator
concepts that provide increased drag efficiency.

Challenge. Lower cost, lighter weight, reduced
volume parachutes. Approaches: (1) Develop
and demonstrate advanced hybrid architecture
for personel and cargo parachute applications
that optimize performance with minimal con-
struction using 2-dimensional woven fabrics,
and (2) Investigate and exploit 3-dimensional
weaving technologies that virtually eliminate
joints and seams in constructed parachutes.

Challenge: Producible, reliable airbeam fabri-
cation. Approaches: Small diameter, high pres-
sure airbeams will be demonstrated by
continuously braiding and weaving a high
strength, 3-dimensional fabric sleeve over an air
retention bladder. Scaling parameters and
airbeam structural behavior will enable fabrica-
tion for various sizes of soft shelters.

Roadmap of Technology
Objectives
The roadmap of technology objectives for Indi-

vidual Survivability and Sustainability is shown
in Table IV-F-1, which follows.




Table IV-F-1. Technical Objectives for Individual Survivability and Sustainability

Technology
Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

Individual Survivability

Demonstrate an improved system for pro-
tection against combined fragmentation and
small arms threats, to be measured by a
20 to 30 percent reduction in areal density
(weight per given area).

Finalize whole body scan protocols
compatible with ANSUR 2-D database
standards.

Provide modeling, simulation, and
analytical tools to reduce risk of Force XXI
Land Warrior program.

Demonstrate combination breathing/
cooling concept using supercritical air.
Develop a laser protective goggle that
provides maximum protection from multi-
line lasers.

Demonstrate an electronically driven heat
pump as an effective, lightweight, low
power microclimate cooling system driver.
OCRs supported: DBS 06, 08; EEL 08, 09.

Transfer materials technology for
individual countermine protective sys-
tem to provide equal protection at a 35
percent reduction in system weight.
Develop Military Operations in Urban
terrain (MOUT) technology insertion
components.

Demonstrate a tunable laser eye-
protective device incorporation NLO
materials.

Develop silk-based fabric for ballistic
protective applications.

Develop fully integrated soldier system
analytical model.

Demonstrate prototype boot that
reduces stress-related lower extremity
injuries.

Establish DoD anthropometric database
and develop three-dimensional
computer-aided design models.
Demonstrate a non-aramid multi-
functional fabric system with a 50
percent decrease in the cost of flame
protection.

OCRs supported: DBS 04, 06, 08; EEL
08, 09; CSS 06, 07, 18, 20.

Demonstrate novel, highly oriented
organic fibers for ballistic protective
clothing materials.

Develop next generation advanced
camouflage combat uniforms.

Develop reactive and catalytic protective
clothing materials and uniform systems.
Integrate mission- and individual-tailored
uniform system design and production
capabilities for global rapid response
and diverse missions.

OCRs supported: DBS 06, 09; EEL 08,
09; CSS 06, 07, 18, 20.

.

Sustainability

.

.

Identify and optimize the incorporation of
complex carbohydrates for modulated
energy refease during periods of high
demand.

Develop a diesel fuel reformer capable of
producing a natural-gas-fike fuel for field
kitchens.

Demonstrate wide span inflatable airbeam
technology for the Aviation Maintenance
Shelter.

Fabricate a 5-10K Ib high glide airdrop
system.

Develop glass-coating technology for
flexible or semi-rigid retortable non-foil
packaging materials to extend shelf life.
Develop in-package additives to prevent
oxidation and other forms of product
degradation.

Optimize properties of selected technolo-
gies to improve performance of reverse
osmosis membranes for water purification.
Demonstrate innovative water purification
technology for drinking water for field
troops.

Demonstrate a parachute with a novel
design that achieves a 20 percent
reduction in weight, bulk, and manufactur-
ing costs (compared with fielded
parachutes) and provides equivalent flight
performance.

Demonstrate a parachute retraction system
using clustered parachutes that provides a
less than 10 ft/sec soft landing capability.
OCRs supported: CSS 04, 17, 18, 20; EEL
02, 04, 16; MTD 03, 11, 18.

Develop shelf-stable solid muscle foods
providing A-like ration quality using
irradiation.

Select/incorporate neurotransmitter
precursors in ration components/supple-
ments for anti-stress benefits.
Demonstrate a rapidly deployable field
kitchen featuring advances in diesel
combustion, heat transfer, integral
power, and refrigeration that can pro-
duce high quality meals quickly and
economically.

Validate nonthermal preservation
techniques used to minimize nutritive
losses.

Demonstrate interactive packaging
technology {e.g., emitters/absorbers) for
shelf-stable and perishable food pro-
duction applications.

Demonstrate 5-10K Ib high glide airdrop
system and transition system to full-
scale development.

Demonstrate a less than 10G (gravita-
tional force) soft landing airbag system
that provides an all weather, rapid roll-
on/roli-off airdrop capablity for future
Army.

OCRs supported: CSS 05, 18, 22; EEL
03, 05, 18; MBS 09, 13.

Optimized calorie/nutrient consumption.
Targeted nutrient delivery systems to
ensure maximum bioavailability of key
nutrients.

Demonstrate a totally integrated, self-
contained field feeding system based on
advances in food, packaging, shelter
and energy technologies.

Investigate powered gliding wing airdrop
systems.

Demonstrate advanced recovery/
stabilization technologies that reduce
ground dispersion and personnel/
equipment link-up times.

Demonstrate advanced airdrop perform-

ance simulation technologies, as virtual
test proving ground enablers, that
reduce test cycle time/cost.

» OCRs supported: CSS 07, 17, 20; EEL
02, 04, 16; MTD 03.
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Command,
Control, and
Communications

Scope

Command, control, and communications are
key elements in the Army Modernization Plan
to change the Army from an Industrial Age
force to a Digitized Force XXI that is prepared
to fight and win the information war. Com-
mand, Control, and Communications encom-
passes many interrelated technologies and
specialties with emphasis in three major areas:
decision making, information management and
distribution, and seamless communications.

Rationale

Access to and exploitation of timely informa-
tion 1s a key element of America’s future war-
fighting and crisis management capabilities, as
well as its national competitiveness. The pro-
jected force-level-multiplier advantage of in-
formation technology stands far above that of
all other technical areas. Such capability, while
greatly enhancing the autonomy and surviv-
ability of individual units, will quickly provide
an advantage in any conﬂict, supporting early,

decisive victory with minimal cost in assets and
human life.

Decision Making is the heart of the command
process and has the following areas of focus:
Consistent Battlespace Understanding; Fore-
casting, Planning and Resource Allocation; and
Integrated Force Management. It encompasses
the development of common, modular elements
that connect joint mission planning, rehearsal,
execution monitoring, and common pictures of
the battlespace.

Information Managementand Distribution pro-
vides the information infrastructure and prod-
ucts needed forinformation security, distributed
computing, distributed multimedia data bases,
and visualization. This movement of informa-
tion s critical to satisfying the warfighters’ needs
for the future.

Seamless Communications supports split-based
operations by spanning the globe and intercon-
necting command echelons, Services, and allies
worldwide through common transport proto-
cols and dynamic network management. Em-
phasis is on mobility aspects of communication
networks, network management, and heteroge-
neous transmission systems (e.g., wired and
wireless). By focusing on wide bandwidth ca-
pabilities linked to our narrowband tactical sys-
tems, we can provide the correct critical
information to the warrior anywhere in the
world.

C3 programs will develop the technology to
provide a real-time, fused, battlespace picture

Figure IV-G-1. Army
Tactical Communications
Environment

Characteristics:
- Availability

— Robustness

- Interoperability - -

Complexity:
~ Air, Land, Sea
- Seamless
— Ubiquitous
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with integrated decision aids. The technology
will provide the processing infrastructure, in-
telligent/anticipatory datamanipulation and dis-
tribution, and dynamically adaptive broadband
communications linkages required for both
command and sensor-to-shooter applications.
Warfighters will be able to exchange informa-
tion unimpeded by differences in connectivity,
processing, and interface characteristics. With
these capabilities the Army will have the ability
to establish distributed, virtual staffs that share
a common, consistent perception of the battle-
space.

Many of these advances in Information Science
and Technology (IS&T) are being driven by
commercial developments and products. The
results can be brought to bear on Army prob-
lems through cooperative efforts and participa-
tion in efforts to set standards and establish
policy. Costly Army-specific development will
be avoided with the amortization of costs across
government and commercial communities.
However, there are aspects of command, con-
trol, and communications that must be strongly
influenced or directly supported by the Army.
In particular, developing the capability to reli-
ably communicate to and among numerous,
widely dispersed mobile sites operating in ac-
tively hostile environments; identifying friend
and foe; achieving information security; and
meeting the requirements for military-unique
processing and decision support systems will
not be achieved without significant Army
support.

This technology area embodies enormous dual-
use potential in numerous areas vital to eco-
nomic competitiveness and other national
concerns. Beside the direct application of this
technology to defense sciences and engineering,
it has great potential for other significant con-
tributions: more effective health care proce-
dures; enhanced educationandlifelong learning;
more timely and less costly procurement
through electronic commerce; more efficiently
managed and integrated transportation net-
works; delivery of innovative information ser-
vices to average citizens; and sound methods of
environment monitoring, weather prediction,
and pollution control.

IV-G-2

Technology Subareas

Decision Making

This subarea focuses on all elements of the
decision making process, from tactical assess-
ment through plan preparation, deconfliction,
rehearsal, and execution. The major emphasisis
on acquiring and assimilating information
needed to dominate and neutralize adversary
forces. A key capability isnear-real-time aware-
ness of the location and activity of friendly,
adversary, and neutral forces throughout the
battlefield area, providing a common awareness
of the current situation. One of the primary
objectives of information dominance is to meet
the warfighters’ needs for a flexible command
structure that can be rapidly configured and
dynamically adapted to optimize force effec-
tiveness and survivability. The subarea applies
leading-edge modeling and simulation (M&S)
and computing and software technology to sig-
nificantly improve warfighter performance by
eliminating laborious, time-consuming manual
procedures and processes that pervade U.S.
operational planning and execution. Computer-
aided processes and automation-synergistic pro-
cedures replace exclusively human processes
and procedures. The warfighter is provided
with an intuitive view of battlespace, an enlight-
ened perspective of information (C2, intelli-
gence, logistics, weather, and other critical data),
and the ability to explore alternatives in faster-
than-real time (e.g., exploring 10-hour battles in
several minutes).

Goals and Time Frames

The goal is to provide automated, real-time
decision support to the warflghter The
warfighter must rapidly interpret information
received through interactive 2- and 3-dimen-
sional presentation of the tactical situation (situ-
ational assessment cues identifying potential
problems or interest areas). The Commander
must view (from a situational assessment dis-
play) relevant forecasts for weather, enemy
strength over time, friendly strength, logistics
tail; conduct course of action analysis, allocate
resources, wargame (real-time simulation) to
explorebattlespace options, and collaboratively
plan and rehearse battles. Such a capability will
result in the precise direction of a diverse, syn-
chronized task force armed with overpowering




information superiority and decision making
capability.

Major Technical Challenges

The major challenges are to develop applica-
tions that employ intelligent agents for intelli-
gent information retrieval, fusion, and
presentation; fuse planning information with
actual information in real time; provide real-
time simulation (wargaming), planning, and re-
hearsal with sufficient fidelity on tactical
platforms to influence battle outcomes; provide
decision support in the presence of uncertain,
incomplete, or absent information; develop ap-
plications for dynamic scheduling/coordina-
tion of assets for interdependent tasks; and
provide collaboration tools that permit the spec-
trum of operations to be performed by remote,
dispersed elements of a task force.

Information Management and
Distribution

Information Management and Distribution en-
compasses warfighter needs and capabilities re-
lated to information warfare (IW) and
information systems. IW and information sys-
tems include information, information-based
processes, information systems, and computer-
based systems either individually or in combi-
nation with each other. The key to providing
this capability is a distributed information man-
agement and distribution system that forms the
backbone information infrastructure of all fu-
ture C4I systems. Providing technologies that
allow automated, adaptive,and robustinforma-
tion resource management means we can free
up the warfighter from the mundane and te-
dious tasks required to review and distribute
information. By incorporating a context-based
approach, information synchronization and
management can be formally automated, allow-
ing warriors (especially those at the fighting
echelons) to concentrate on mission execution
rather than on complex computer operations.

Goals and Time Frames

Required warfighter capabilities for Informa-
tion Management and Distribution necessitate
developmentin the constituentareas of Distrib-
uted Environments, Information Services Man-
agement, and Assured Information Services.
These technology efforts will provide the
warfighter with the ability to (1) access mission-
critical data from any location on the globe in a
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location transparent manner, (2) collaborate on
mission plans at all levels and monitor execu-
tioninreal time, (3) assess mission plans through
rehearsal using synthetic environments, (4) as-
sure continuation of mission critical functions
and survive loss of resources by dynamically
reconfiguring where functions are executed and
how information flows, (5) provide reachback
from deployed forces to garrison and support
units, (6) support interoperability among both
jointand coalition forces, (7) support extension
of the information backbone to highly mobile,
deployed forces through the integration of
mobile distributed computing nodes, and (8)
maintain access control, authentication, integ-
rity, and availability of classified data in a dis-
tributed information environmentaccessible by
users with differing clearances and needs to
know.

Major Technical Challenges

The critical challenges are areas associated with
the infrastructure for the Distributed Environ-
ments, mechanisms to support Information Ser-
vices Management which reside within the
distributed environment, and the ability to de-
ploy Assured Information Services. Inthe Dis-
tributed Environments infrastructure area the
critical technical challenges are (1) distributed
data storage and query, (2) scalability to several
thousand nodes and schedulability of time-
critical operations that are physically dispersed
across large geographic areas, (3) varied user
populations and applications, (4) multiple pro-
cessor types, (5) capabilities and configurations,
and (6) integration of both real-time and non-
real-time operating environments within the
same overall system. As always, compatibility
with emerging commercial system standards
and heterogeneous computing bases while re-
taining DoD’s desired operational capabilities
is vital.

Providing the necessary Information Services
Management within the distributed environ-
ment requires the development of mechanisms
for managing data both on individual hosts as
well as across the distributed environment. The
critical technical challenges to be met include
(1) developing data models and storage and
retrieval architectures capable of handling mo-
dalities of data in a seamless way, (2) merging
and synchronizing time-dependent and non-
time-dependent data, (3) developing intelligent
agents capable of autonomously navigating




complex data base structures and extracting
information for a user, (4) developing natural
language and other nonparametric interfaces to
support “intuitive” access and retrieval of data
from the data base management systems
(DBMSs), (5) developing adaptive information
distribution techniques based upon context
based as opposed to message based distribution,
(6) using the information context for smart
distribution over low bandwidth communica-
tions in order to selectively control the quantity
of information exchanged, (7) providing capa-
bility to respond to complete information ex-
change failures, and (8) scaling information
distribution techniques to large systems of com-
munications nodes.

The keys to developing Assured Information
Servicesare (1) adaptivity within the distributed
environmenttoallow dynamicresponsetovary-
ing loads of crisis management or system fail-
ure,and (2) protection of the information within
the system from attack or compromise. The
critical technical challenges include (1) security
mechanisms for multi-clustered, real-time het-
erogeneous distributed environments; (2)
adaptivity mechanisms which support the se-
lective application of fault tolerance and fault
avoidance strategies; (3) reconfiguration mecha-
nisms to support graceful degradation; (4) rep-
lication mechanisms to ensure the consistency
of information; (5) intelligent resource manag-
ers to dynamically respond to crisis overloads;
and (6) system architectures that permit the
secure use of COTS computers, software, and
networks.

Seamless Communications

Seamless communications facilitates several of
the warfighters needs for Information Domi-
nance, Information Warfare, real-time Logis-
tics Control, and Military Operations in Urban
Terrain (MOUT). Communications is the
mechanism to achieve secure, reliable, timely,
survivable, command and control and superior
battlefield knowledge. This subarea addresses
technologies needed by the warfighter to obtain
effective access to, and utlization of, global
communications services. Seamless communi-
cations connotes assured, user-transparent,
secure connectivity between globally dispersed
sanctuary locations and positions in theater—
down to the lowest echelon foot soldier or
marine, and to each ship and aircraft. This
connectivity will be accomplished using a
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combination of U.S. Government, foreign gov-
ernment, commercial infrastructures, and mili-
tary surface-and space-based radio frequency
(RF) networks. A range of transmission media,
bandwidth, standards, and protocols will be
accommodated automatically by the networks.
Voice and all types of data (e.g., text, graphics,
imagery, and video) will be handled within a
uniform, information transport infrastructure.
These technologies will provide the commander
with high capacity, flexible, tactical communi-
cations to serve all categories of users (including
mobile) and satisfy the need for high-confi-
dence communications regardless of system
limitations throughout all phases of the battle.

Goals and Time Frames

The goal is an affordable, survivable, self-man-
aging, multilevel secure (MLS) communications
system that provides the warfighter with user-
transparent connectivity for voice and com-
mand, control, and intelligence (C2I) systems
data over the entire combat/garrison opera-
tional continuum. The system must fully sup-
port wide- and narrow-band on-the-move
(OTM) C2I data/voice interconnections
throughout a land battle zone at least 100 kilo-
meters (km) deep and provide robustand seam-
less connectivity between ground, air, and naval
elements of the Coalition combat force dis-
persed over distances up to 200 km. Achieving
this goal will require significant enhancement of
tactical communications systems; development
of automated, seamless interfaces between tac-
tical systems and between tactical and global
communications systems; development of so-
phisticated new radio and antenna systems for
the airborne and ground OTM portion of the
warfighting force; evolution of theater/global
broadcast systems as an integral element of
seamless communications; and development of
artificial intelligence tools for network plan-
ning, engineering, management, and operations.

Major Technical Challenges

Major technical challenges in this area include
(1) communications mobility/wireless mobil-
ity issues (both nodes and base stations); (2)
communications equipment interoperability in
multivendor, multinetwork, Joint/Combined
force, and commercial environments; (3) infra-
structure for wireless tactical ATM links; (4)
protocols for high data-rate subscriber loops
subject to sporadic disturbances (e.g.,

Narrowband ISDN [IN-ISDN] and broadband




ISDN [B-ISDN] loops supporting OTM air-
borne/surface/subsurface vehicles; (5) construc-
tion of afully Internet-compliant, tactical packet
network using legacy radios such as Single-
Channel Ground and Airborne Radio System
(SINCGARS); (6) integration of data and voice
over low bit-rate links; (7) heavy multipath and
deep fade effects; (8) security; (9) development
of network management and control protocols
that can withstand the onset of federated and
non-federated jamming attacks; (10) waveforms
for low probability of interception (LPI) and

low probability of detection (LPD); (11) devel-
opment of conformal arrays for airborne and
OTM antenna applications; and (12) Wave-
forms or software programmable radios.

Roadmap of Technology
Objectives

The roadmap of technology objectives for Com-
mand, Control, and Communications is shown

in Table IV-G-1, below.

Table IV-G-1. Technical Objectives for Command, Control, and Communications

Communication

multi-band applications.

Demonstrate ground mobile ATM
broadcast capabilities.

Develop and demonstrate IP-ATM
hierarchical video reading.
Demonstrate user friendly, inexpensive
security services.

Demonstrate tactical PCS capability
based on commercial technology.
OCRs Supported: BC 06, 07, 09, 10,
17, 18, 20; CSS 02, 05; DSA 10, 20;
DBS 15, 20, 21; MTD 17, 18; EEL 16.

.

band multipanel, phased array
antennas for on-the-move applications.
Demonstrate antenna positioners for
SHF/EHF SATCOM on-the-move
applications.

Demonstrate next generation PCS
technology for Land Warrior
applications.

Demonstrate structurally embedded
reconfigurable antenna technology in
ground vehicles and airborne
applications.

Demonstrate dynamic network surviva-
bility through protocol adaptation to
external influences (weather, threat,
congestion, etc.).

Provide virtual, integrated communi-
cations systems models for
division/corps.

OCRs Supported: BC 06, 07, 09, 10,
17, 18, 20; CSS 02, 05; DSA 10, 20;
DBS 15, 20, 21; MTD 17, 18; EEL 16.

Technology Near-Term Mid-Term Far-Term
Subarea FY 97-98 FY 99-03 FY 04-12
Seamless * Demonstrate broadband antenna for * Demonstrate optical control of wide- « Demonstrate mobile seamless con-

nectivity across communication media
overcoming differences in connectivity,
processing, and system interfaces
(Universal Transaction Services).
Demonstrate/adapt future generation
commercial PCS technology for tactical
environments.

Demonstrate Automated Intrusion
detection, Characterization response
and damage restoral for tactical
networks.

OCRs Supported: BC 06, 07, 09, 10,
17, 18, 20; CSS 02, 05; DSA 10, 20;
DBS 15, 20, 21; MTD 17, 18; EEL 16.

.

Information
Distribution &
Management

Distributed hetrogenous data base
access.

Automated information distribution
software.

Distributed computing over low band-
width channels.

Machine-aided human translation of text
for C2 interoperability.

OCRs Supported: BC 08, 11, 12, 14,
21; CSS 05, 24; DSA 07, 08; DBS 12,
13; MTD 14, 20; EEL 086, 12, 13.

Access to multilevel secure distributed
database.

Integrated, distributed semi-automated
C2 at lower echelons.

Demonstration of seamless interopera-
ble multilevel secure computing
environment.

Fully automated translation {voice/text)
in narrow domain C2 operations and
enhanced natural language machine
interfaces.

OCRs Supported: BC 08, 11, 12, 14,
21; CSS 05, 24; DSA 07, 08; DBS 12,
13; MTD 14, 20; EEL 06, 12, 13.

.

Demonstrate extended relational and
object-oriented DBMS system.
Scalable, transparent mobile computing
environment.

Scalable secure distributed databases.
Natural Language interfaces for
synchronized battle management.
OCRs Supported: BC 08, 11, 12, 14,
21; CSS 05, 24; DSA 07, 08; DBS 12,
13; MTD 14, 20; EEL 06, 12, 13.

.

.

Decision Making

Terrain, environmental, and event
detection decision support software.
Automated flight plan guidance
algorithms.

Embedded software tools to enable real
time collaborative planning in a 3D
virtual environment.

Integrated and automated POS/NAV.
OCRs Supported: BC 02, 05, 13; CSS
02, 07, 28; DSA 16, 17, DBS 18, 19;
MTD 19, 20, 27; EEL 19.

Automated maintenance of consistent,
timely tactical picture in distributed C3
system.

Automated situation assessment.
Demonstrate joint distributed collabora-
tive planning and assessment tools with
3D visualization.

Automated cooperative interaction
between three to four systems

Robust precision POS/NAV.

OCRs Supported: BC 02, 05, 13; CSS
02, 07, 28; DSA 16, 17; DBS 18, 19;
MTD 19, 20, 27; EEL 19.

Robust cooperation.

Software agents dynamically support
collaborative planning and execution.
Dynamic immersive rehearsal planning
and execution environment.
Autonomous navigation in well-
characterized terrain.

Adaptive tactical navigation.

OCRs Supported: BC 02, 05, 13; CSS
02, 07, 28; DSA 16, 17; DBS 18, 19;
MTD 19, 20, 27; EEL 19.
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Computing and
Software

Scope

The Computing and Software technology area
is focused on supporting soldiers through de-
velopment of novel computer hardware and
integrated systems for Army applications. The
Army’s computing technology programs in-
clude (1) Scalable Parallel Systems and Applica-
tions; (2) High Performance Specialized Systems
and Applications; (3) Networks and Mobile
Computing; and (4) Wearable Computers. Soft-
ware technology programsinclude (1) Software
Engineering; (2) Data Engineering; (3) Artifi-
cial Intelligence; (4) Human Computer Inter-
face; (5) Assured Computing; and (6) Distributed
Interactive Computing. Information process-
ing systems, computers, and communications,
and the ability to rapidly adapt them to chang-
ing battlefield environments are an integral part
of the technology edge to provide decisive vic-
tory in land combat.

The challenge is toidentify efforts that preserve,
extend, and leverage the Army’s past, present,
and future investments in software. The Army
views integrated battlefield information sys-
tems and intelligent weapon systems as one of
its most important sources of combatadvantage
into the next century. Yet, the software to
support such integrated systems represents a
challenge to conventional engineering, procure-
ment, sustainment, and technology insertion
practices.

Software Technology encompasses awide spec-
trum of highly technical specialties, activities,
and processes including, but not limited to, the
following: (1) Developing and producing algo-
rithms and tools for the construction, opera-
tion, and life-cycle management of general
application software and all of its associated
artifacts; (2) All aspects of software engineering
and life cycle management; (3) Software engi-
neering processes and methodologies, tools, and
frameworks (software environments) and Do-
main Specific Software Architectures (DSSAs)
to make it easier to design, build, test, and
maintain software; (4) Supplying the software
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“building materials” used to make software sys-
tems more reliable, uniform, predictable, and
suitable for reengineering and reuse efforts; and
(5) Information and data engineering that pro-
vide timely access to quality coordinated tech-
nical information. Software Technology at its
foundation applies the general software engi-
neering paradigms to “Work Smarter” (through
process technology advancements), “Work
Faster” (through advancements in tools and
environments), and “Work Less” (through ar-
chitectural and reuse technology advancements)
to provide a technical environment for more
intelligent and efficient application-specific en-
gineering. Ultimately, Software Technology
provides intelligent systems capable of integrat-
ing information, human-computer interactions,
and general application software engineering

functionalities to meet the real needs of the
soldier on the battlefield (Figure IV-H-1).

Rationale

On the 21st century battlefield, the Army must
rely on technologically superior systems to
counter numerically larger forces, to reduce
casualties and damage to urban infrastructure,
and to enhance rapid, decisive action. Coupled
with sophisticated applications software, high
performance computing (HPC) systems and
advanced communication technology enable (1)
the design and optimization of “smarter,” more
cost-effective precision weapons; (2) rapid dis-
semination of battlefield information to tactical
forces; (3) swift, global command and control
based on accurate, comprehensive knowledge
of the current situation which greatly enhances
the autonomy and survivability of individual
units; and (4) enhanced readiness and strategic
planning capabilities through large-scale, dis-
tributed, authentic simulations. Research in
this technology area encompasses computerand
software engineering, operational simulation,
battlefield environments, and science applica-
tions tools.

Many Army Science and Technology (S&T)
problems require computational performance
rates measured in trillions of floating point op-
erations per second (teraflops or TFLOPS).
These include problems in chemistry and mate-
rials science, computational fluid dynamics,
parametric weight/vulnerability reduction, au-
tomatic target recognition, high performance
weapons design, and dispersion of hazardous




Figure IV-H-1. DoD Software and Intelligent Systems Program
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materials. Since no single HPC architecture battlefield and to do so with minimum casual-

will effectively handle this spectrum of prob-
lems, Army S&T researchers require a variety
of computer systems which, in aggregate, sup-
port the highest fidelity and greatest speed in
analyzing problems of ever increasing size and
complexity. These diverse S&T applications
also require massive, hierarchical data storage
and scientific visualization capabilities to pro-
vide meaningful results. HPC utility will fun-
damentally drive or limit solutions to these
critical problems.

The profound impact of modern, computer-
driventechnology hasbeenamply demonstrated
in recent hostile operations like Desert Storm
and Joint Endeavor. Software is and will con-
tinue to be a force multiplier.

The Army 1s faced with a paradox. Systems are
being extended in life and expected to achieve
Land Force Dominance with diminished re-
sources, in a changing world, with a reduced
defense industrial base. Yet, the Army is ex-
pected to field lethal, versatlle, and rapidly
deployable systems in response to the require-
ment to win decisively and quickly on any
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ties. [AMP 92—the Army Modernization Plan]

Computer resources in general and software
resources in particular offer a solution to this
paradox. The U.S. Defense strategy continues
to be dominance based on superior technology.
Changes in the world’s geopolitics combined
with current economic constraints have broad-
ened the focus of attention on technology to
include issues of flexibility and adaptability. In
today’s weapon system technology, software
serves the role of providing these characteris-
tics. Therefore, weapon systems will become
more dependent on software to achieve these
requirements. According to the Chief of Staff,
Army, one of the mostimportantlessons appar-
entfrom the Army’s performance in Operation
Desert Storm was the profound impact of mod-
ern, computer-driven technology on the out-
come of battle. Desert Storm demonstrated the
need to adapt and deploy the technology when
and where it is needed.

The Army’s challenge is that existing hardware/
software systems are being extended and ex-
pected to achieve dominance through increased




capability, while resources for that capability
continue to shrink. Much of the evolving capa-
bility is provided by software. A change in
hardware through productimprovement hasall
the appearance of a new item, while a change in
the software supporting that hardware is not
viewed as a new item. This visibility mismatch
furthers the gap between the perceived and
actual costs of hardware and software sustain-
ment. The goal of the Army software science
and technology effort is to reduce software
development and sustainment cost and sched-
ules by an order of magnitude in the next 10
years.

An advantage of software is that it allows for
shortlead times and can be deployed over satel-
lite communications links with essentially no
logistics volume, weight, or fuel cost. How-
ever, software has usually been the critical path
in product development. State-of-the-art train-
ing technology can provide expert systems that
can train soldiers to use the new software on the
battlefield. Changes to deployed systems can
feasibly be made in theater through software
modifications that have been previously tested
in the Army’s stateside Life Cycle Software
Engmeerlng Centers (LCSECs) where synthetic
environments, interacting with real materiel,
are used to demonstrate successful performance
of the changed system.

With technology progressing at a rapid pace,
the dilemma is that state-of-the-art software
systems today become enormous cost burdens
in the near future. Some systems deployed
today and still in production require dated soft-
ware maintenance and change techniques that
are frozen in time and appear to be enormously
expensive to sustain (e.g., interoperate, respond
to threats). Yet, the cost to make these changes
in hardware, to produce new hardware, to re-
furbish materiel, and to redeploy would be even
more unacceptable.

The Army recognizes that research and devel-
opment in software engineering, life cycle man-
agement, and environments are to a large extent
commercially driven. Deployment of systems
currently under development, and the employ-
ment of advanced concepts and operational sce-
narios that have a greater reliance on synthetic
environments, will exacerbate the current di-
lemma faced in supporting deployed software.
A paradigm shift is required in the way that
software is viewed, supported, and developed.
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Increased reliance on commercial products will
further increase costs unless the Army creates a
win-win Defense-Industry scenario. The use of
COTS software can produce significant ben-
efits in reduced development and maintenance
costs and improved product portability and
maintenance; however, there are risks and is-
sues associated with using COTS software.
These include COTS applicability for real-time
systems, life-cycle costs, modifications which
may be required by Defense systems, and inte-
gration and performance issues which come
into play when combining several COTS prod-
ucts into a single system.

The Army Software Technology Investment
Strategy represents the distillation of extensive
work performed by technical experts from in-
dustry, academia, and government software
engineers and scientists to create such a sce-
nario. The work plan is focused on the needs of
the Army, windows of opportunity, and a real-
izable implementation given limited resources.

Technology Subareas

Scalable Parallel Systems
and Applications

Goals and Time Frames

This subarea is concerned with development,
exploitation, and deployment of high perfor-
mance computers offeringscalable performance
for a broad range of Army and DoD applica-
tions. Scalable parallel systems technology in-
cludes parallel architectures, compilers, and
programming tools essential to facilitate their
effective use, systems software, mass storage,
I/0, and visualization technologies. Applica-
tions requirements drive the design of these
systems. Early access to new systems by DoD
and Army users accelerates development of
specificapplications as well as knowledge, algo-
rithms, and programming tools for solving prob-
lems. Current performance levels of 100
GFLOPS (gigaflops, or billions of floating point
operations per second) will sustain a 10-fold
increase by FY98 to reach the goal of 1 TFLOP.

The Army relies upon the DoD HPC modern-
ization program to provide essential capabili-
tiesasdescribed inthefollowing DoD objectives:




e Increase the availability of the state-of-the-
art HPC resourcesand supporting infrastruc-
ture for DoD R&D scientists, engineers, and
analysts.

e Provide robust interconnectivity to these re-
sources, the user community, and non-DoD
collaborating scientists and engineers.

e Develop and adapt software tools and appli-
cations to fully exploit HPC capabilities.

* Actively engage other National HPC pro-
grams and leverage them to benefit Defense

R&D.

e Focus national leading edge HPC research
efforts in computing, high performance stor-
age, software development, and networking
to solve DoD S&T challenges.

Major Technical Challenges

Deployment of state-of-the-art HPCs provides
an environment that allows the Army to solve
critical mission problems and to tackle prob-
lems that are currently intractable. Improved
HPC capability shortens design cycles by re-
ducing the need to rely on handcrafted proto-
types and destructive testing. Robust,
high-speed connectivity is essential for daily
collaboration with remote users.

Major issues are: (1) insertion of increasingly
powerful processing nodes; (2) faster
interprocessor communication; (3) global man-
agement of memory and data in cooperation
with the operating system; (4) scalable I/O pro-
cessing to match processor speeds; (5) software
and applications development;and (6) the “learn-
ing curve” for Army users when programming
in a massively parallel environment. DARPA
has been a major national force in the develop-
ment of scalable architectures and continues to
be a dominant force in scalable computing.

High Performance Specialized
Systems

Goals and Time Frames

The High Performance Specialized Systems
subareaincludes the development of innovative
technologies such as optical processing, embed-
ded systems, neural networks, and systolic pro-
cessing that meet military requirements but
have limited commercial potential. Targetgoals
for these systems include a 200-fold increase in
data reliability, a 10-fold system weight reduc-
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tion, and a 5-time increase in digital data pro-
cessing speed. The Army relieson DARPA and
the other Services to provide technology for its
systems applications.

Major Technical Challenges

The diverse deployment criteria for specialized
Army systems makes hardening and repackag-
ing essential. In addition, image and speech
recognition dictates that DoD and the Services
examine optical processing and neural comput-
ing. Incorporating fuzzy logic into neural net-
works for Army problems requires further
research into expressing expert knowledge and
combinatorial complexity in simple linguistic
rules while reducing demands on computing
resources.

Networks and Mobile Computing

Goals and Time Frames

Winning the information war is a primary ob-
jective in the Army’s modernization strategy.
This requires integrated networking of battle-
field and research-based computing systems.
High speed and high capacity networks enable
the interaction of research-based computing
assets. Networking has long been the mecha-
nism to foster scientific collaboration, and the
Services were launched into this realm by the
ARPANET initiative of the 1970s. This ARPA
(now known as DARPA) program has grown
to be integrally responsible for the Internet
explosion which serves as the catalyst and foun-
dation for the National Information Infrastruc-
ture project. Tento 100 gigabit networking will
be available by the year 2000.

As part of the DoD HPC Modernization Pro-
gram, the Defense Research and Engineering
Network (DREN) is being designed to main-
tain intersite communication performance lev-
els commensurate with the I/O bandwidths of
the HPC systems to which DREN will provide
access (Figure IV-H-2). Bandwidth require-
ments are projected to approach 622 Mbps
within 2 to 3 years, and over 1 Gbps (billion bits
per second) within 5 years to support and en-
able distributed computing performance in the
TFLOPS range. These requlrements represent
an order of magnitude (x10) increase over cur-
rently available bandwidth within one year and
more than two orders of magnitude (x100) in-
crease over current bandwidths within 5 years.




Figure IV-H-2. Interim DREN Configuration—1Q FY95
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The Army has provided the technical lead in
producing the interim DREN connectivity in
anticipation of the award of the DREN compo-
nent of the DoD HPC Modernization Pro-
gram. Current Army mission projects in
networking include, but are not limited to, the
following: (1) Integrated Services Digital Net-
work (ISDN)and Asynchronous Transfer mode
(ATM) experiments over a NASA Advanced
Communication Technology Satellite (ACTS)
conducted in order to develop high bandwidth
digital communications over widely separated
LAN:s to allow widespread access to expensive
resources (FY96); (2) wireless LAN testing of
COTS high bandwidth equipment carried out
to find the best suited wireless LAN for distrib-
uted simulation and communication for fast
set-up/tear-down of military sites (FY96); (3)
video, interactive graphics, and telecommuni-
cations over a desktop PC and fractal compres-
sion schemes allowing high data rate
communications between distributed PC users,
providing interactive voice, text, and graphics
to a general PC user audience; and (4) execut-
able protocol specifications using VHDL re-
placing ambiguous English language
specifications with an unambiguous computer
language specification to ensure that various
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COTS/GOTS telecommunications equipment
will be interoperable (FY97).

Major Technical Challenges

The challenges include recognizing and identi-
fying the most promising commercially avail-
able products and adapting these to Army needs.
Since the environment and the conditions used
in the commercial and military sectors are not
synonymous, some adaptation may be required,
especially infour areas: sensing, analysis, distri-
bution, and assimilation. These factors turn
combat information into knowledge, described
by mathematical algorithms, and distribute the
information in a hostile battlefield environ-
ment. The objective is to provide real-time,
knowledge-based operations and seamless
battlefield communications.

Technical issues being addressed include proto-
cols for reliable, seamless connectivity as re-
mote hosts increase in number and the
exploration of high bandwidth data channels to
offset the need for large-scale localized data
storage. Security and data integrity issues are
also of interest.




Wearable Computers

Wearable computers and their applications are
starting to become feasible. They may act as
intelligent assistants in many forms, from small
wrist devices to head-mounted displays. They
have the potential to provide anywhere, any-
time information and communications. Pos-
sible applications include telemedicine
(augmented reality), memory aids, maintenance
assistance, distributed mobile computersin wire-
less networks (individual communication with
soldiers on the battlefield), and desktop com-
puting such as word processing, scheduling,
and data bases.

Software Engineering

The Army Software Technology Investment
Strategy (ASTIS) s a targeted strategy based on
a principle that capitalizes on conditions of
imperfect competition with our adversaries and
rapid technological change. Stated in warfighter
terms, “Hit them where we are strong and they
are weak, with the technology transfer equiva-
lent of overwhelming force.” The ASTIS vision
may be found in Figure IV-H-3.

Figure IV-H-3. Software Technology Investment
Strategy Vision

* Minimize software cost and schedule drivers in
DoD systems,

* Maximize the use of commercial best practice
and products,

» Evolve systems and infrastructure, and

* Enable greater mission capability and
interoperability to exceed expectations of the
soldier in the field

This vision is realized through the establish-
ment of a Virtual Advanced Software Technol-
ogy Consortium (VASTC). Assetsofa VASTC
will be a distributed matrix of an integrated
government, academic, and defense-industrial
software and computer resource asset base.

The word “virtual” in VASTC emphasizes:

¢ Anidealized machine—the technology tran-
sition engine, interconnected real assets that
act like a technology center in one physical
location; and one organization—the rich
matrix of diverse collaborating entities that
act as if they were one.

* The center of the future as an enormously
flexible network, a virtual consortium yield-
ing the illusion of an organization. The con-
sortium can dynamically change out entities
as required.

e Finally, the VASTC gets the right technology
available to the right customer, virtually on
demand.

A roadmap establishing, prototyping, demon-
strating, and scaling up incremental capabilities
hinging on this principle will yield an emphasis
and paradigm shift. Each effortin the roadmap
has the Strategy’s building blocks of integrated,
process, product teams, and the paradigm shift
built in (see Figure IV-H-4). The result will
constitute the creation of a distinct techno-
economic paradigm built around flexibility
rather than simple volume production and rely-
ing on a commercial infrastructure versus a
dedicated defense-industrial complex.

The ASTIS guides the industrial structure to-
ward key critical technology sectors. These
sectors include computers and software support
for the development of capital goods such as

Figure IV-H-4. Software Technology Investment
Strategy

The Strategy consists of three components and an
integrating concept. These are:

* Process - transition technology for affordability.

— Focus emerging software process technology
— Integrate discrete technologies
— Mature the Army's supporting infrastructure

* Product - Domain/Product Line Management and

Horizontal Technology Integration

— Evolve common components

— Converge to Domain specific architectures

— Pre-Planned Product Improvement (P3l) of legacy
software

— Establish software exit criteria for Advanced
Technology Demonstrators

» People - Professional development of the matrix
— Government
— Industry
— Academia

Paradigm - Integrating Concept -- Virtual Advanced

Software Technology Consortium (VASTC)

— Focused expertise and technology

— Prototype software technology incubators

- Integrated distributed incubators

— Life Cycle Software Engineering Center of the
Future
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aircraft, ground transportation vehiclesand sys-
tems, and flexible manufacturing facilities as
well as telecommunication and battlefield in-
formation systems. Theseare the sectors having
the greatest growth and technological potential.

Virtual Advanced Software Technology Con-
sortium (VASTC)

Goals and Time Frames

The VASTC offers industry and academia dis-
tributed yet integrated advanced technology
transfer incubation facilities where the emerg-
ing technology comes together to enable risk-
reducing “proof of principle” demonstrations
conducted with access to materiel in an opera-
tional environment, evolving synthetic envi-
ronments, a distributed high performance
computing infrastructure, and advanced large-
scale program management techniques. The
VASTC establishes a rapid software technol-
ogy transition channel for the Army and the
Nation.

Figure IV-H-5 is a graphical depiction of a
single software technology incubation cell. The
VASTC incubators scale up immature, emerg-
ing, and mature technologies and integrate these
technologies into existing environments. Real
systems are the test articles and have the benefi-
cial side effect of reducing risk on the actual
programs. Deployed (in service engineering),
new developments, and advanced concept sys-

tems provide scale-up opportunities and real
world challenge problems. Yet, the artifacts
from the incubators are reusable components
that are targeted to domam specific software
architectures.

The VASTC offers the governmentan engine to
continuously reduce risk and insert technology
into existing weapon system software. The
VASTC is also a software technology training
factory. People are educated and trained on the
use of the new technologies, while analyzing
and modernizing existing systems. The soft-
ware training factory operates on existing sys-
tems with new technologies. The VASTC
training factory will optimize resources and
reduce risk by acting as a booster to future
builds of existing systems.

Regardless of a VASTC participant’s role (e.g.,
academic, principal investigator, IR&D explo-
ration, governmental staff development, or re-
treading), the technology will flow with the
participants. The VASTC will be a national
asset and an engine of technology transfer, in-
fluencing commercial practice and government
products.

Major Technical Challenges

Keytorealizing the vision of the VASTC will be
the capability to provide integrated automation
capabilities throughout the software life cycle.
Process automation is a relatively new area of

Figure IV-H-5. Software Technology Incubator Concept
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research with many technical challenges. A
common underlying infrastructure for each of
the individual technologies being automated
that allows ease of integration and supports
evolutionary development will be necessary.
Early efforts will be directed at developing this
underlyinginfrastructure and providing an open
interface that encourages tool vendors to build
tools that support VASTC.

Next Generation Life Cycle Software Engi-
neering Center

Goals and Time Frames

The amount of Army software (old, modified,
new) requiring life cycle software engineering
services is increasing exponentially along with
life cycle costs. To address this issue and bring
costs under control, the Army has initiated a
conceptual shift in how future life cycle engi-
neering services will be accomplished. At the
core of this initiative is the Next Generation
Life Cycle Software Engineering Center Proto-
type. The goal of this new center is to reduce
weapon system software development and sup-
portcostsby atleastan order of magnitude. The
goal will be achieved by creating a seamless
software engineering directorate within the
Army Materiel Command (AMC) that shares
resources, knowledge, and best practices among
its members with a focus on the customer. The
concept is being prototyped at the Tank Auto-
motive and Armaments Command (TACOM)
and scaled to an AMC-wide infrastructure
capable of supporting FORCE XXI.

Major Technical Challenges

New networking tools and architectures must
be sought out to fully achieve interoperability
between geographically dispersed member or-
ganizations. Also new management processes
will be needed that can adapt to the many
different systems supported by member orga-
nizations and their organizational cultures.
Additionally, current software developmentand
maintenance methods will need to be integrated
into a seamless activity capable of being per-
formed throughout this virtual center.

Requirements Validation
Goals and Time Frames

Embedded software packages, like software for
aircraft control, are critical in the sense that if
they fail, soldiers die. A study is ongoing to
determine how rapid prototyping technology
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and graphic visualization of software can be
used to validate the air worthiness of flight
control software. If feasible, in FY97, a proto-
type version of a requirements validation tool
will be developed to be incorporated into the
Aviation and Missile Command (AMCOM)
LCSEC and the Next Generation Life Cycle
Software Engineering Center.

Major Technical Challenges

Since air worthiness depends not only on the
reaction of integrated hardware and software to
stimuli inflight but also on human reaction to
the stimuli, accurate models of this human reac-
tion must be developed.

Computer-Aided Prototyping
Goals and Time Frames

Computer-aided prototyping is an evolution-
ary software development paradigm that in-
volves the end user of the software in the
requirements development process. This para-
digm makes use of prototype demonstrations
and user feedback to iteratively develop a func-
tional prototype. Prototypes are executable
specifications of software systems partially gen-
erated and partially built from atomic compo-
nentsretrieved fromareuserepository. Current
efforts are directed at maturing and commer-
cializing this technology to enable practical use
by the Life Cycle Software Engineering Cen-
ters in the RDEC:s to include the NGLCSEC.
Our goal in FY97 is to investigate the incorpo-
ration of groupware technology into our rapid
prototyping testbed to realize a collaborative
software development capability.

Major Technical Challenges

Groupware tools for electronic meetings and
information sharing are insufficient to handle
the vast amounts of data and interaction neces-
sary to providea practical collaborative capabil-
ity. New paradigmsforinteractivedevelopment
that incorporate not only real-time interaction,
but also delayed time interaction are necessary
to realize this vision. Additionally, tools which
provide for the formal verification of require-
ments developed using group tools must be
sought to make this a viable goal.

System Evolution Record
Goals and Time Frames

Future system development will require vast
amounts of data to be collected and made avail-




able throughout a system’s life cycle. A System
Evolution Record (SER) is needed to serve as a
“cradle-to-grave” repository forall artifacts and
decisions made during the evolution of a soft-
ware system. An initial model of a SER is being
prototyped. Our goal for the next and subse-
quent years is to implement the SER and begin
to model different pieces of the software devel-
opment process to integrate with the SER.

Major Technical Challenges

New techniques for capturing design decisions
must be developed to allow for the linking of
these design decisions into the SER.
Hypergraphs must also be developed that will
store not only the artifacts to be contained in the
SER and the decisions already mentioned, but
also dependencies between them.

Artificial Intelligence

Goals and Time Frames

Exploiting emerging high performance com-
puting, storage and retrieval, and communica-
tions systems for the Army’s electronic
battlefield (EBF) requires advanced software
capabilities incorporating artificial intelligence
(AI). After 2000, Distributed Interactive Simu-
lation (DIS) software capabilities are expected
to include cooperating intelligent systems, cou-
pling of symbolic and neural processing, and
autonomous synthetic agents and robots. The
result will be a large synthetic computing envi-
ronmentin which networkingand process man-
agement are handled automatically and are
transparent to the users. Features will include
multilevel secure data routing, loci of computa-
tion, workload partitioning, and interconnec-
tion of government and industry/academia
expert and information centers with built-in
ownership protection. By 2010, planning sys-
tems capable of complete support of military
operations and deployment with less than 24
hours notice will become available.

The Army Federated Labs Broad Agency An-
nouncement will focus basic research in five
areas, each of which will need Artificial Intelli-
gence Technologies. These areas are Advanced
Sensors, Advanced and Interactive Displays,
Software and Intelligent Systems, Telecommu-
nications and Data Distribution, and Distrib-
uted Interactive Simulations. Three approved
consortia will work on Army-specific basic
research over the next 5 to 8 years. The Army
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Artificial Intelligence Center manages the Army
Artificial Intelligence Program, which is fo-
cused on applied research and prototyping to
deliver artificial intelligence solutions in sup-
portof Force XXI. A number of expertsystems
have been delivered, and emerging technologies
such as fuzzy logic, neural networks, and ge-
netic algorithms are being used to build ad-
vanced technologies.

Major Technical Challenges

The study of Artificial Intelligence has pro-
duced advanced technologies that can be placed
in three categories: Mature, Emerging, and
Immature. Expert and rule-based systems are
examples of mature technologies that are being
widely used in commercial applications. The
major challenge is to develop prototypes for
Force XX1and identify appropriate technology
insertion in existing systems and systems under
development. Fuzzy logic, genetic algorithms,
and neural networks are examples of emerging
technologies. The development of prototypes
for exploratory development and risk mitiga-
tion will clarify the technical issues. Finally,
intelligent agents and machine learning are ex-
amples of immature technologies. These are the

focus of the basic research efforts in the Army
Federated Labs.

Human-Computer Interface

Goals and Time Frames

Human-computer interactions deal with the
systematic application of scientific knowledge
about humans to design the simulated human
and its behavior as well as the interface software
through which real humans interact with the
synthetic environment. The Army programs
addressing the physical human-machine inter-
face and the human engineering aspects are
described in Section N, Human Systems Inter-
face. Information display and human-com-
puter communications technologies are steadily
advancing. COTS user interface management
tools, standards-based approaches for product
development, style guides, graphical informa-
tion visualization, etc., are now available for
commercialand m1htary applications. The Army
programs addressing human-computer inter-
actions rely on these general tools to make
computers and associated networks easier to
use as well as to build. This is a continuous
process.




Major Technical Challenges

Animportantaspectis the adaptation and inter-
face of the large number of previously devel-
oped application-specific closed architecture
codes with the COTS human-computer inter-
action tools. Connected speech systems with
increasing natural language interpretation and
voice recognition that can be trained quickly for
different voices are appearing, but they lack
robustness for military applications. Group
system capabilities are needed to provide for
multi-user interfaces in to software systems.

Assured Computing

Goals and Time Frames

Assured computing and high assurance soft-
ware are concepts which provide compelling
evidence that the computer system/software
will respond correctly under all required cir-
cumstances with respect to specific high assur-
ance criteria such as security, safety, or
timeliness. The system should provide a high
level of assurance that it can enforce a specific
security policy relating to, for example, confi-
dentiality, integrity, or access. It ensures it will
not enter a hazardous state. Other properties
which may require high assurance include in-
tegrity, avallablhty, and fault tolerance. High
assurance is required for software that imple-
ments critical requirements. These require-
ments are implemented by system
characteristics, or properties, whose absence or
minimal existence may cause serious errors in
the operation of a system. Critical require-
ments may exist in abstractions at all levels—
from the end user environment interface down
through various computer subsystems and op-
erating systems to the computer hardware. A
critical requirement at a high level of abstrac-
tion would be human safety. Low abstraction
level requirements include guaranteed timely
performance, freedom from deadlock, and un-
acceptable degradation, automatic fault recov-
ery or fault masking, and controlled access to
secure data.

Major Technical Challenges

Safeguarding of information, loss-of-service
protection,and damage prevention to programs
and data through errors or malicious actions
requires multi-level security, defense against
malicious software, and credible procedures for
technical evaluation, certification, and accredi-
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tation of software. Speed of access to data, in a
tactical missile system, for example, can deter-
mine success or failure. Authentication, access
control, and audit together provide the founda-
tion for information and system security. A
number of technical issues arise in the form of
data base tuning mechanisms, access methods
and control, query optimization, concurrency
control, and replication and reliability proto-
cols. Defensive Information Warfare provides
secure, possibly COTS-based, computing clus-
ters, data bases, and tools to support high
assurance computing. DoD is currently imple-
menting Defense Technology Objectives
(DTOs). These DTOs are planning objectives
forachieving specificfunctionaland operatlonal
capabilities as elements of Joint Warfighting
Capability Objectives JWCOs). Three DTOs
that specifically address high assurance com-
puting are Survivable Information Systems,
Defensive Information Warfare, and Assured
Communications. Currently 12 JWCOs are
defined in the Joint Warfighting Science and
Technology Plan (dated May 1996). The Army
has relied on NSA to provide the required
assured computing technologies.

Distributed Interactive Computing

Goals and Time Frames

Instant access to information on computer sys-
tems throughout the world is now a reality.
“Surfing the web” has become a national pas-
time for internet users in and out of the govern-
ment. The World Wide Web (WWW) provides
the capability for anyone with access to the
internet to access information on every imagin-
able subject at any time of the day or night, and
on any machine that contains a WWW server.
This technology is being exploited in many
ways to increase information sharing between
agencies and to further our movement toward a
“paperless” Army. WWW servers have been
established at virtually every organization that
provides information or services to the Army.
Publications and forms have been made avail-
able electronically and policies should encour-
age theuse of electronic forms and publications.
Applications are now available that can be ac-
cessed completely through the web, making
every web server available to almost any user.

Thisisarelatively new area of investigation, and
definitive near-, mid-, and far-term goals are
still in the early stages of formulation. The




tremendous rate of growth in WWW technolo-
gies offers the promise of many significant ad-
vances within a very short timeframe. Army
planning will, in part, be driven by the rapid
changes in available marketplace technologies.

Major Technical Challenges

The most critical challenge in this area is the
ability to provide secure access to sensitive in-
formation, allowing easy access to authorized
users while preventingunauthorized access. This
technology is moving faster than even industry
can keep up with. Most of the development of
WWW applications is being done by “hackers”
working nights and weekends with no wish for
compensation. Capabilities for increased
information availability and increased
interactivity have resulted in our inability to
control what information flows and where.
Future research must design ways to protect
critical information while providing access to
necessary information and capability.
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Roadmap of Technology
Objectives

Theroadmap of technology objectives for Com-
puting and Software is shown in Table IV-H-1.
The Army software program is structured to
take advantage of emerging commercial soft-
ware technologies and relies on the DoD soft-
ware program for most of the generic software
technology, including tools and techniques for
software engineering, reuse, and life-cycle man-
agement. This program is integrated into the
Tri-Service Reliance and addresses only those
technology areas where DoD program invest-
ment will notsatisfy Army-specific application
needs.




Table IV-H-1. Technical Objectives for Computing and Software

Technical
Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

High Performance
Computing and
Scalable Parallel
Systems

» Shared DoD HPC infrastructure.

* 100 gigaflops performance.

* Gigabyte RAM with microsec
access.

* OCRs supported: BC 03.

* Scalable HPC and distributed hetero-
geneous sysTems transitioned to the
EBF

Teraflops systems for S&T arena.

» Petaflops systems in S&T labs.
¢ EBF at 100 teraflops.

Networking

* DREN and gigabit networking.
¢ High bandwidth interconnected

COTS/digital communications over

GOTS telecom equipment;
separated LANs.
» Wireless LAN testing.

* OCRs supported: BC 01, 06, 09;

DSA 10, 15; DBS 20; MTD 17.

10 to 100 gigabit networking.

* Ultrafast, all optical WANSs.

Software
Engineering

¢ Initial Software Reuse through
rudimentary stand-alone
repositories.

* Massively parallel Ada

* Computer-Aided Rapid Prototyping

» System Evolution Record for
Reengineered Systems.

* Virtual Life-Cycle.

¢ Center implementation.

* OCRs supported: BC 01, 02; CSS

18; DSA 16.

Full Scale Reuse through domain
specific software architectures and
evolvable legacy systems.

Fully integrated Virtual Advanced
software technology Consortium

¢ Software commerce on
demand.

Integrated capability to develop,
field, evolve, and maintain
software through VASTC.

Artificial Intelligence

* Widespread use of Al mature

technologies in battlefield systems.
e OCRs supported: BC 03; DSA 09,

16, MTD 17, 20; TRD 03.

Cooperating intelligent systems and
symbolic/ neural processing included in
DIS software capabilities.

Intelligent planning systems
capable of complete support of
military operations and
deployment 24 hours a day.

Human Computer
Interface

» Graphical open interfaces for all
new software systems fielded.

Single-user voice recognition interfaces
for limited software systems fielded.

Multi-user voice recognition
interfaces for all Army software
capable of filtering out noise
interference.

Assured Computing

* Risk modeling.

* Security properties modeling.

* Information Warfare (IW)
paradigms.

Formal specification languages.
Trusted systems.

Evaluation criteria for network security
properties.

Al-based intrusion detection.
Certification of reusable components.

Formal reasoning systems.
High assurance software
models.

Certification methodology and
tools for critical properties.

Distributed
Interactive
Computing

» Heterogeneous distributed

operating systems service (limited

capability).

¢ Distributed data base services over

homogeneous data bases.
e T1, T3 available.

Distributed OS services (enhanced
capability).

SOL for multimedia data base queries.
Macro-building capability.

Scalable application components.

Dynamic reconfiguration for R-T
systems.

Multiple data base, multimedia
query capability optimized.
Interoperable heterogeneous
algorithms.

¢ Automated adaptive load
balancing.

.
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Conventional
Weapons

Scope

The ultimate goal of all weapons systems is to
destroy the target. The Conventional Weapons
Technology area develops conventional arma-
ments for all new and upgraded non-nuclear
weapons. It includes efforts directed specifi-
cally toward non-nuclear munitions, their com-
ponents, and launching systems, guns, rockets
and guided missiles, projectiles, special warfare
munitions, mortars, mines, countermine sys-
tems, and their associated combatcontrol. There
are six major subareas: (1) Fuzing—Safe and
Arm, (2) Guidance and Control, (3) Guns, (4)
Mines/Countermines, (5) Warheads/Explosives
and Rocket/Missile Propulsion, and (6) Weapon
Lethality/Vulnerability.

Rationale

The Conventional Weapons Technology Area
strongly supports the needs of the Army inboth
tactical and strategic mission areas. It responds
to the Army’s operational needs for cost-effec-
tive system upgrades and next generation sys-
tems in support of the top five Joint Staff future
warfighting capabilities. Performance objec-
tives focus on projecting lethal or less than
lethal force precisely against an enemy with
minimal friendly casualties and collateral dam-
age. Objectives address the need for affordable
all-weather, day-night precision strike against
critical mobile and fixed targets; all-weather
defense against aircraft, ballistic missiles, and
very-low-observable cruise missiles; an effec-
tive mine detection and neutralization capabil-
ity to permit movement of forces on land; more
lethal/lighter weight gun/missile systems to
support current and advanced air/land combat
vehicles; vehicle self-defense systems; and light-
weight, high-performance gun systems for ar-
tillery applications.

Conventional weapons technologies, when de-
veloped and demonstrated, have both an excel-
lent historical record of transition and many
future transition opportunities. Examples of

the latter include systems currently under de-
velopment [Javelin, Line-of-Sight Anti-Tank
(LOSAT), Enhanced Fiber-Optic Guided Mis-
sile (EFOGM)]; potential upgrades to existing
systems (Patriot fuze); and potential new sys-
tems [Intelligent Mine Field (IMF), Crusader,
Precision Guided Mortar Munition (PGMM),
Autonomous Intelligent Submunition (AIS),
155mm Automated Howitzer (AH), Extended
Range Artillery (ERA) Projectile, and Low
Collateral Damage/Less than Lethal (LCD/
LTL) munitions].

Dual-use applications include use of fuze tech-
nology to provide aircraft precision altimeters,
accelerometers for automobile airbag release,
and automobile collision avoidance sensors;
countermine technology to provide de-mining
in affected areas; guidance and control technol-
ogy to provide real-time medical imaging; new
explosives for oil well drilling; and nonlethal
technologies for law enforcement.
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Technology Subareas

Fuzing—Safe and Arm

Goals and Time Frames

Fuzing—Safe & Arm technologies address is-
sues associated with advanced future threats,
both air and surface. Primary emphasis is on
advanced sensors, signal processing algorithms,
guidance integrated fuzing, Global Positioning
System (GPS), miniaturized solid-state compo-
nents, countermeasure resistance, electronic safe
and arm, reliability, and affordability. Major
products include a second launch environment
sensor demonstration in FY96; laboratory pro-
totypes of long stand-off fuzing for Active Pro-
tection Systems (APS) defeat in FY97; a
Guidance Integrated Fuze (GIF) demoin FY97;
an ECM/EMT resistant All-up Round Fuze dem-
onstrationin FY98; and algorithms to directand
fuze aimable warheads in FY99.

Major Technical Challenges

The primary technical challenges for guidance
integrated fuzing are in the areas of simulation
and modeling, sensor and signal processing,
target characterization, and testing. The chal-
lenge for gun munitions is to develop affordable
fuzes that will function at the desired pointinan
adverse environment [electronic countermea-




sures/electromagnetic interference (ECM/
EMI), obscured targets, cluttered battlefield].

Specific challenges:

¢ Construct a GIF simulation to provide a
common basis for comparing performance of
different concepts under given sets of flight
dynamics.

® Miniaturize GPS components.

¢ Integrate RF and IR hardware/software to
operate in both guidance and fuze time do-
mains spanning three orders of magnitude
(10-3 to 10-6 sec).

* Senseasecond launch environmentfor safing
and arming non-spin munitions.

e Devise a small generic electronic safe and
arm fuze with dual safeties for tank and mor-
tar applications.

* Solve the helicopter-in-clutter problem by
developing an electrostatic sensor fuze.

Guidance and Control

Goals and Time Frames

Guidance and Control (G&C) of conventional
weaponsis the application of sensors, computa-
tional capability, and specific force generation
that allows a weapon to engage both fixed and
moving targets with improved accuracy and
lethality while minimizing collateral damage
and casualtiecs. The major milestones are as
follows: By FY97, complete the evaluation of
data compression methods that minimize error
rates on an automatic target recognizer (ATR).
By FY98, demonstrate performance gains in
ATR from multispectral sensor identification
of aircraft utilizing high range resolution radar
profiles, electronic support measures, and jet
engine modulation. By FY98, complete hard-
ware-in-the-loop evaluation of prototype guid-
ance sections of 2.75-inch precision guided
rockets. By FY98, demonstrate, through simu-
lation and both sled and flight testing, a man-in-
the-loop fiber-optic guided missile system with
a 40 km range. By FY99, demonstrate a low-
cost, ultraminiature, manufacturable fiber-
optic gyro. By FY00, demonstrate a strapdown
laser seeker for a precision guided 2.75-inch
rocket.
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Specific challenges:
e Transfer ATR technology into systems.

* Integrate microelectromechanical systems
technology into the thrust on precision guid-
ance of small diameter weapons.

¢ Achievenavigational grade performance with
ultraminiature fiber-optic gyros.

¢ Achieve innovative strapdown designs for
laser infrared and multispectral seekers.

e Validate static and dynamic target models for
combat identification of aircraft.

Major Technical Challenges

G&C technologies, involving guidance infor-
mation and signal processing, inertial sensors
and control systems, and missile system sensors
and seckers, present three major technical chal-
lenges: precision guidance of small diameter
weapons, enhanced targetacquisitionincluding
masked target detection, and operational per-
formance measures for multispectral missile
seekers. Responding to these challenges will
require the infusion of a number of emerging
technologies that are not currently in the G&C
program. The G&C program is coordinated
with the technical objectives in the Manufactur-
ing Technology program to achieve manufac-
turing and producibility goals and extensive use
of simulation is made to reduce overall R&D
costs.

Guns—Conventional and Electric

Goals and Time Frames

The Guns subarea develops both conventional
and electric gun technologies for all new and
upgraded gunsystems (small arms, mortars, air/
surface combat vehicles, tanks, and artillery). It
includes efforts directed toward future, ad-
vanced, generic technologies and system tech-
nologies for small, medium, and large calibers,
including barrel/launcher,ammunition/projec-
tile, power supply and conditioning, weapon
mechanism/ammunition feeder, propellants/
ignition systems, and fire control. Products
include the Objective Crew-Served Combat
Weapon demo in FY97; low collateral damage/
less-than-lethal munitiondemoin FY97;ademo
for a large footprint munition and sensor con-
cept (Damocles) in FY97; the LAH demo in
FY98; and the Precision Guided Mortar Muni-
tion demo in FY99.




Major Technical Challenges

Major challenges include improving hit prob-
ability and lethality on target, extending the
maximum range, reducing the weight of the
total system, all-weather operation,and reduced
barrel wear. Advances in composites, new pro-
pellant initiatives, and sophisticated electronics
hold promise of overcoming many of these
challenges.

Specific challenges:

e Usecomposite materials to reduce the weight
of individual and crew-served weapons.

e Integrate fuze control for precision air burst
on individual and crew-served weapons.

* Enhance ballistic aspects of tungsten materi-
als to provide penetration performance goals
with less environmental impact than DU
material.

* Exploit composites to fashion a cargo-carry-
ingartillery round capable of delivering twice
the payload of metal projectiles at current
ranges.

¢ Demonstrate new lethal mechanisms to de-
feat explosive reactive armor.

¢ Developan ETCtank gunwith 18 M] muzzle
energy and 1.9 km/sec muzzle velocity.

¢ Develop tactical size advanced pulse power
supplies capable of supporting large caliber
ETC and electromagnetic tank guns.

* Demonstrate new propellant architectures
and formulations which improve muzzle ve-
locity by at least 25 percent.

Mines and Countermine
Goals and Time Frames

The Mines/Countermine subarea includes all
efforts pertaining to the development or im-
provement of land mines, and all efforts per-
taining to detecting, marking, breaching,
neutralizing, or clearing land mines. The
major products include the Intelligent Mine

- Field (IMF) demonstrating long-range detec-

tion/tracking and autonomous, intelligent at-
tack of mobile targets by FY98; a two- to four-
fold improvement in individual mine detection
for anti-personnel mines and neutralization
capability by FY99; a portable, stand-off detec-
tor and neutralizer for buried antitank and

IV-1-3

anti-personnel non-metallic mines at maneuver
speeds in FY0O; and demonstration of high-
speed reconnaissance and breaching of
minefields in FY05.

Major Technical Challenges

Major technical challenges include the ability of
acoustic sensors to accurately identify and track
targets, the maturation of sensor fusion algo-
rithms, and the implementation of tactical re-
sponse algorithms.  Mine detection,
neutralization, and minefield breaching have
challenges: rapid detection of mines (most false
alarms eliminated) and the requirement for 100
percent assurance of removal, destruction, or
neutralization.

Specific challenges:

e Increase probability of detection during all
weather conditions.

e Extend the mine’s sensor range by a factor of
four.

o Combine detection and neutralization
capabilities.

¢ Enable robotic (autonomous and semi-au-
tonomous) mine neutralization and extrac-
tion.

¢ Reduce false alarm rate.

Warheads/Explosives and Rocket/
Missile Propulsion

Goals and Time Frames

The Warheads/Explosives and Rocket/Missile
Propulsion subareadevelops conventional war-
heads, explosives, and rocket/missile propel-
lants for anti-air, anti-surface warfare. Itincludes
efforts directed specifically toward advanced
non-nuclear warhead concepts, advanced kill
mechanisms employing multi-option warheads,
new warhead materials, material process tech-
niques, analytical design tools, advanced explo-
sives, and adaptable, minimum smoke,
insensitive propellants for rockets and missiles.
Products include a demo for a focused reactive
frag warhead in FY98; a FY00 demo of liquid
propellants to combine the specific impulse and
energy management of liquids with the field
handling simplicity of solids; demonstration of
more energetic explosive formulations; and a 90
percent reduction in the emissions from explo-
sive processing and demilitarization by FY05.




Major Technical Challenges

The major challenge is to provide affordable
performance optimized and matched toabroad
range of targets and intercept conditions, while
maintaining or reducing the weight and size of
the warhead/rocket. Promising new materials,
such as tantalum, molybdenum, and tung-
sten, may provide dramatic improvements in
warhead lethality. The challenge is to under-
stand the relationship between microstructure
and plastic flow of tantalum, upset forging
optimization of tungsten, and parametric pro-
cess variations in molybdenum/tungsten al-
loys. Higher performance requires more
compact, higher energy density insensitive ex-
plosive formulations.

Specific challenges:

* Design a warhead that produces multiple
compact/controllable pattern fragments us-
ing detonation wave dynamic models, which
predict fragment geometry, size, and
velocity.

e Improve penetration of very short/long
stand-off shape charge and explosively
formed warheads.

* Desensitize explosives by recrystallization to
eliminate defects, by coating particles to re-
duce friction, or by reformulation.

* Synthesize new explosive and propellant for-
mulations using composites of new, less sen-
sitive energetic constituents, which produce
environmentally “clean” exhaust products.

® Design fuel-efficient, lightweight, low cost
turbine engines and inducted/air-augmented
rockets.

Weapon Lethality/Vulnerability

Goals and Time Frames

Weapon Lethality/Vulnerability (1L/V) refers
to the science of understanding the mechanisms
by which a warhead or other ballistic mecha-
nism can defeat a target. Vulnerability, a char-
acteristic of a target, describes the effects of
various damage mechanisms to the physical
components of the target and the resulting dys-
function. Lethality, normally used from the
perspective of the attacking weapon, includes
the ability of the weapon to inflict the damage

mechanisms upon the target, as well as the
effects of those mechanisms (target vulnerabil-
ity). The L/V subareaaddresses the tools, meth-
ods, data bases, and supporting technologies
(e.g., solid geometric modeling tools, modern
coding environments, supportive hardware con-
figurations) needed to assess the lethality and
vulnerability of allU.S. weapon systemsinclud-
ing aspects of design, effectiveness, and surviv-
ability. Products include incorporation of
tri-Service fragmentation and blast models in
FY97 and FY99, respectively; and a 10-fold
decrease in software preparation time in FY05.

Major Technical Challenges

The biggest challenge is to begin the complex
task at the earliest possible stage in the weapon
development or upgrade cycle, where inexpen-
sive changes can lead to large increases in the
survivability of crew and materiel and enhanced
battlefield performance. To complicate mat-
ters, new penetrators (e.g., hypervelocity mis-
siles, top attack systems, tactical ballistic missiles)
must be modeled against an increasing list of
sophisticated targets with new materials and
novel armor designs.

Specific challenges:

* Develop first generation models to predict
terminal effects on composite materials.

e Use statistical prediction methods to charac-
terize fragment/debris clouds behind armors
accounting for all fragment parameters (e.g.,
mass, speed, shape, spatial distribution).

» Extrapolate current L/V data to predict ef-
fects in new encounters with different mate-
rials and systems.

® Determine sensitivity of modern electrical
subsystems and other components to ballis-
tic blast and shock.

 Predictsynergisticeffects of concurrentdam-
age mechanisms (fragment/penetrator and
blast/shock) on structural components.
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Roadmap of Technology
Objectives
The roadmap of technology objectives for Con-

ventional Weapons is shown in Table IV-I-1,
below.




Table IV-1-1. Technical Objectives for Conventional Weapons

Technology
Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

Fuzing—Safe and Arm

* Incorporate neural
nets, advanced
sensors, and high
speed processors in
GIF to increase system
effectiveness by 30%.
Collect target signa-
tures for electrostatic
sensors (ESS).
OCRs supported:
DSA 01; DBS 02A;
MTD 01.

*

* Flight test electrostatic
sensor to establish
jam immunity.

¢ Demo fuzes with a
100-fold increased
ability to resist
projected ECM/EMI
threats.

¢ OCRs supported:
DSA 02; DBS 05A;
MTD 02.

Provide airburst
functionality to cannon-
caliber munitions.
Improve logistics by
developing universal
fuze components and
subsystems.

OCRs supported:

DSA 03; MTD 05.

Guidance and Control

Utilize ATR and neural
networks in aimpoint
selection algorithms.
Flight test IR seeker
that acquires the target
in flight.

Demo autonomous
ground target acquisi-
tion algorithms and
processors that use
multiple spectral bands
and data fusion.

OCRs supported:

DSA 01, 02; DBS 05A;
MTD 01; EEL 02.

* Demo aimpoint
selection via neural
net.

Demo strapdown
MMW seeker that can
acquire and track in a
real-time lab test.
Develop solid-state/
photonic components
that reduce the cost of
G&C systems by a
factor of 3.

OCRs supported:
DSA 03, 09; DBS 13;
MTD 02, MTD 03; EEL
06.

Automate G&C
software generation
reducing acquisition
cost by >10%.
Exploit multisensor
target/scene simulation
to reduce test and
evaluation costs by
30%.

Develop advanced
hardware/software
codesign techniques.
OCRs supported:
DSA 12,13, 14; DBS
14; MTD 05, 22; EEL
13.

Guns—Conventional
and Electric

* Develop a medium-
caliber EM gun with 0.3
MJ muzzle energy, 15-
round salvo, and 300
rnds/min.

Demonstrate direct
laser ignition of current
propellant for artillery
application.

Demo 40-50%
increased penetration
capability for kinetic
energy defeat of
explosive reactive
armor.

OCRs supported:

DSA 01; DBS 01A,
02A; MTD 01; EEL 02,
04.

¢ Synthesize a
propellant giving 25%
increased in muzzle
velocity for tank guns.

* Demo objective crew-

served weapon

prototype with a

weight of <38 Ib.

Fabricate 10J/g pulse

power supply for

EM/ETC gun

application.

Demo PGMM with first

round target Kkill

capability at 15 km.

OCRs supported:

DBS 02B, 05A; MTD

02, MTD 05; EEL 06.

Demo ETC tank gun
technologies providing
25-30 MJ muzzle
energy and 2.5 km/sec
muzzle velocity.

Demo a 200%
increase in hit
probability at 4 km with
120 mm tank
ammunition.

OCRs supported:

DBS 16; MTD 26; EEL
07, 13.
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Table IV-I-1. Technical Objectives for Conventional Weapons (Continued)

Technology
Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

Mines/Countermine

¢ Demo IMF acoustic
sensor ability to
autonomously detect
armored vehicles at

>1 km.

Reproduce a vehicle
signature to spoof off-
route mines up to

100 m away at speeds
up to 10 mph.

Ground penetrating
radar and IR detectors
to find buried metallic
and nonmetallic mines.
OCRs supported:

DBS 04A, MTD 04;
EEL 08.

* Using robotic/remote-
controlled demolition
devices, demonstrate
de-mining ability with a
2 1o 4 times improve-
ment in cost and speed.
Apply multispectral
imaging, ground
penetrating radar, and
chemical/nuclear
sensing in a vehicle-
mounted detector to
find buried, metallic and
nonmetallic mines.
OCRs supported:

DBS 22; MTD 25.

Utilize high-clutter
targeting algorithm and
high speed processors
to recon a minefield with
high rate of search (50
sqg mi/hr).

Demo rapid clearing
and 100% detection of
mines.

OCRs supported:

MTD 04; MTD 25.

Warheads/ Explosives
and Rocket/Missile
Propulsion

* Demo a tactical version
of a selectable-mode
EFP warhead at long
standoff.

Demo a tactical air-
breathing missile with a
three-to fourfold
increase in range.
Demo low signature
gel motor.

OCRs supported:
DSA01; MTD 01; EEL
02.

Develop an insensitive,
minimum smoke rocket
propellant for use in
LOSAT.

* Demo a tactical sub-
projectile for the KE
precursor warhead that
meets aerodynamic
and terminal
requirements.

Use recrystallization
and coatings to
produce higher
performance, but less
sensitive deformable
explosives.

OCRs supported:

DSA 02; MTD 02; EEL
06.

Reduce emissions from
explosives production
processing and demiling
by 90%.

Develop improved
synthesis procedures to
reduce explosives
manufacturing costs by
50%.

Reduce aimable/
adaptable warhead size
by 10%.

Extend propulsion
systems shelf life to
more than 25 years.
OCRs supported:

DSA 03; MTD 05; EEL
13.

Weapon Lethality/
Vulnerability

Develop first genera-
tion models to predict
and analyze penetra-
tion of emerging
composite materials.
Develop model for
stochastic analysis of
fragment effects.
Upgrade L/V models to
enhance wargame
fidelity of the Distrib-
uted Interactive
Simulation Network.

¢ OCRs supported:

DSA 05; DBS 06; MTD
10, 13.

Develop and validate
methodology to predict
penetration by
hypervelocity (400-
1300 m/s) weapons.

* Improve body-to-body
impact models for
tactical ballistic missile
targets.

* Demo first-order shock
propagation model for
high-explosive blast
loading.

* OCRs supported:

DSA 06; DBS 08; MTD

13, 15.

Decrease software
preparation time by a
factor of 5; improve
fidelity by a factor of 2;
reduce life cycle costs
of conventional weap-
ons by a factor of 2.
Incorporate large-scale
hypervelocity penetra-
tion mechanics of
geological and layered
structural materials.
Develop fire/thermal
and toxic fume transport
model.

OCRs supported:

MTD 27, 30; EEL 09.
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Millimeter-Wave Components, Nanoelec-
tronics, and Portable Power Sources.

Electron Devices

Scope

The Electron Devices Technology Area con-
ceives and enhances the billions of ultraminia-
ture components that constitute the nerves and
brains of the digitized battlefield. The Army
program generates the cutting-edge components
essential for a vital advantage over complete
dependence on widely available commercial
electronics. This Technology Area capitalizes
on basic research in the forefront of science
(Chapter V), and advances it to the exploratory
development subsystem level. It includes fo-
cused research, development, and design of elec-
tronic materlals nanoelectronic devices,
including digital, analog, microwave, and opto-
electronic circuits; electronic modules, assem-
blies,and subsystems; and the required batteries.
The Electron Devices Technology Area com-
prises four major sub-areas: Electro-Optics,

Rationale

Supremacy in Electron Devices is crucial to
supremacy on the digitized battlefield. A supe-
rior, versatile, innovative program in electron
device science and technology is essential to the
broad Army vision of (1) decisive force multi-
plication with a minimum number of platforms
and personnel, and (2) avoidance of potentially
disastrous technological surprise on the battle-
field. The technology supports the Army Five
Modernization Objectives, Science and Tech-
nology Objectives, and Advanced Technology
Demonstrations. The requirements of Army
systems such as EW, radar, and C41 translate
into component requirements, which may in-
clude performance, weight, size, radiation hard-
ness, interoperability, cooling, power
consumption, maintainability, and survivabil-
ity. Surprisingly, this technology area repre-
sents over 40 percent of the procurement cost of
many military systems. Military purchases of
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semiconductor electronics have increased by an
estimated 25 percent from 1992 to 1996. Since
total military procurement declined dramati-
cally in those years, semiconductor electronics
were one of the very few areas to experience
significant growth. Fielding of weapons sys-
tems that meet present requirements, that can
be upgraded to meet future requirements, and
that have affordable life cycle costs will demand
exploitation of commercial electronics when-
ever possible, plus development of the special
technologies herefor Army systems whichneed
unique capabilities.

Technology Subareas

Electro-Optics

Goals and Time Frames

The objective of the Electro-Optics subarea is
to develop critical electro-optical components
such as lasers, focal plane arrays, amplifiers,
detectors, photonic devices, fiber optics, and
low power displays for application in Army
tactical and strategic systems. Near-term goals
include development of affordable high resolu-
tion, full-color displays for Land Warrior head-
mounted vision systems, realization of
affordable multispectral FPAs, and economical
fiber-optic distributed sensors, LIDARs, and
optical countermeasures. Mid-term goals in-
clude development of smart multicolor staring
focal plane arrays for robust seekers and acqui-
sition sights, and 2-megapixel displays. Long-
term goals include development of integrated
multi-domain (LIDAR, focal plane array, mil-
limeter-wave) smart sensor elements, and new
display technologies.

Major Technical Challenges

Technical challenges include development of
more reliable, higher efficiency, higher fre-
quency, longer wavelength solid-state lasers;
optical signal processors; cost-effective mod-
ules for information systems and IRFPAs;
receive-architecture for optically fed phased-
array radar; new low-power flat-panel display
and driver technologies; and monolithic inte-
gration of optoelectronic devices on silicon.
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Millimeter-Wave Components

Goals and Time Frames

Near-term goals are to insert affordable mono-
lithic microwave integrated circuits (MMIC)into
low-cost expendable decoys, low-cost MTT ra-
dar, and multifunction active array systems; ma-
ture and affordable millimeter-wave IC
technology for next-generation, active-aperture
systems; and millimeter-wave satellite communi-
cations. Mid-term goals are to continue cost
reduction and increase the density and functional
capabilities of MMIC assemblies and packages,
extend microwave power module (MPM) tech-
nology to the millimeter-wave frequency regime,
and provide common, secure, jamproof, afford-
able wireless communications, and battlefield
friend-or-foe identification. Long-term goals are
to achieve unprecedented levels of force multipli-
cation through massive integration of diverse sen-
sors that reduce system size and weight by an
order of magnitude while meeting military cost,
performance, reliability, and radiation hardness
requirements. In brief, the overall goal is to own
the battlefield electromagnetic spectrum.

Major Technical Challenges

Among the technical challenges in millimeter-
wave components are the achievement of high
power; high efficiency; large dynamic range;
wide bandwidth; flexible manufacturing mod-
eling and simulation, enabling first-pass success
of components, modules, and arrays; and pro-
cess integration necessary for high-yield, low-
cost multifunctional solid-state devices and
vacuum tubes. All these attributes must be
provided at an affordable cost.

Nanoelectronics

Goals and Time Frames

Near-term goals include development of scal-
able manufacturing processes and cluster and
lithography tools for flexible fabrication of in-
tegrated compound semiconductor devices;
advanced process synthesis technology; novel
devices for very high-throughput digital signal
processors; integration of electronic combatand
combat-supportfunctions; wide-bandgap semi-
conductor devices for high-temperature elec-
tronics; pulse power electronics; nonvolatile
memories; and microscale electromechanical




components. Mid-term goals include develop-
ment of lithography and fabrication capabilities
for low-volume, affordable integrated micro-
wave, digital, and optical processors. Long-
term goals include flexible and affordable
fabrication capabilities for concept demonstra-
tions of fully integrated, nanometer feature
size, ultra dense circuits for revolutionary war-
fighting sensor and information systems
capabilities.

Major Technical Challenges

Among the technical challenges are creating
new wide-bandgap semiconductor devices for
high-temperature electronics and for low-leak-
age, high-breakdown, highly linear power de-
vices; high-quality, radiation-hardened devices
of diverse technologies; mixed-signal operation
of nanoelectronics with on-chip millimeter-
wave and electro-optic components; very low
power circuits; and affordable custom nanoscale
semiconductor processing for unique military
applications-specific circuits. An overall major
challenge is the development of high-perfor-
mance, low-power electronic systems forasub-
stantial reduction in battery requirements and
associated weight and size penalties.

Portable Power Sources

Goals and Time Frames

The objectives of this program are to lighten the
soldier’s burden, provide critical pulse-power
components, and reduce logistical and disposal
costs. This can be done by applying the physical
sciences of energy conversion, electronics, sig-
nature suppression to improve existing power
systems and to enable the development of newer,
moreadvanced battery, fuel cell, capacitors, and
electromechanical (including engines and per-
manent magnet alternators) components and
systems.

The general goal is to develop small, light-
weight, low-cost, environmentally compatible
power sources with high power and energy
densities for communications, target acquisi-
tion, combat service support applications, min-
iaturized displays, and microclimate cooling
for the Future Soldier System.

Specific near-term goals are:

* Economical, higher energy (150 Wh/kg)
lithium (Li) batteries for man-portable
equipment
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e Lighter weight, higher energy density (80
Wh/kg) metal hydride or Li-ion rechargeables

* Improved spin-stable reserve batteries
¢ Reduced cost electrochemical capacitors

* Man-portable 150 Watt fuel cells for Soldier
Systems

* Man-portable (40 1b/kW), signature sup-
pressed 3000 Watt engine driven generator
set. The engine shall have a BSFC 0f 0.7 and
thermal efficiency of 20 percent and will be
capable of starting and operating on DF-2/
JP-8 fuels.

Specific mid-term goals are:

¢ Higher power density (350 Wh/kg) Li pri-
mary batteries

e Improved energy (100 Wh/kg) rechargeable
batteries

e Electrochemical capacitors for electric
vehicles

* Fuel cell stacks which operate on liquid fuels

* Demonstration/validation of signature sup-
pressed, electronically controlled, man-por-
table/man-handleable 0.5-3.0 kW engine
driven generator sets that provide power on
the move, enhance total asset visibility and
CSS operations and are compatible with
emerging C4I and weapons systems.

Specific long-term goals are:

» Higher energy (150 Wh/kg) rechargeable Li

batteries

* Practical silent thermophotovoltaic power
sources

* 1-50 kW transportable fuel cells

* Portable 5000 Watt diesel engine driven gen-
erator set compatible with emerging C41 and
weapons systems

* Demonstration of dual use electromechani-
cal (power generation, transmission, distri-
bution, or utilization) technologies and
equipment (0.5-1100 kW) which reduce sys-
tem size/weight and visual/audible IR signa-
tures, improve system reliability, minimize
operationand supportcosts,and improve the
deployability, tactical mobility, and effec-
tiveness of a CONUS-based fighting force.




Major Technical Challenges

Nonflammable, high-conductivity electrolytes
and lower-cost manufacturing methods for Li
batteries, improved fabrication methods for
metal hydride cells, improved current collec-
tion from carbon fibers in electrochemical ca-
pacitors, polymer exchange membranes for fuel
cells that retain conductivity at high tempera-
tures, and spectrally-matched emitters and pho-
tocells for thermophotovoltaic systems, and
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higher efficiency combustion of and greater
reliability/life for man-portable/man-handle-
able engine driven generator sets.

Roadmap of Technology
Obijectives

The roadmap of technology objectives for Elec-
tron Devices is shown in Table IV-]-1, below.




Table IV-]J-1. Technical Objectives for Electron Devices

Technology Subarea

Near-Term
FY 97-98

Mid-Term
FY 99-03

Far-Term
FY 04-12

Electro-Optics
(Photonic Devices)

Order of magnitude improve-
ment in spatial light modulator
dynamic range.

Optical interconnect for
computer.

Photonic and electronic
devices integrated on the same
chip.

Image-forming light modulator
in a hybrid (digital-optical) auto-
matic target recognizer and
infrared projector.

Improve producibility of the
deformable mirror image-
forming light modutator.
Modulation of RF signals with
laser diodes.

OCRs supported: BC 02, 03,
04, 06, 07, 08; DSA 03, 08, 09,
16, 17, 18; DBS 18; MTD 02,
09, 15, 16; EEL 11, 12.

Integrated opto-electronic
staring laser radar.

Optically controlled phase
arrays.

Integrated photonic/ electronic/
microwave and IR devices.
Image-forming light modulator
in a pure optical automatic
target recognizer.

Matured technology base in the
synthesis and characterization
of electro-optical materials.
OCRs supported: BC 02, 03,
04, 06, 07, 08; DSA 03, 08, 09,
16, 17, 18; DBS 18; MTD 02,
09, 15, 16; EEL 11, 12.

On-chip, massive optical
interconnects.

Image-forming light modulator
with completely integrated
construction .

Integration with multi-band
sensors and neural processing.
Autonomous devices for ATR
and fire control in microwave
band sensors.

Optical computers.

Massively paralle!
architectures.

OCRs supported: BC 02, 03,
04, 08, 07, 08; DSA 03, 08, 09,
16, 17, 18; DBS 18; MTD 02,
09, 15, 16; EEL 11, 12.

Electro-Optics
(Fiber Optic
Technology)

Multiplexed 